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Abstract—Inhibition by excitatory amino acid agonists of norepinephrine (NE)-stimulated phospho-
inositide hydrolysis was studied in rat brain slices. Inhibition was not observed in cortical slices prelabeled
with [*Hlinositol but was observed when slices were incubated simultaneously with [*Hlinositol, gluta-
mate, and NE. Therefore, we hypothesized that glutamate inhibits the synthesis of inositol phospholipids
available to the a;-adrenergic receptor, thereby reducing NE-stimulated phosphoinositide hydrolysis.
To test this hypothesis, the distribution of [*H]inositol in cortical slices was measured after 5, 10, 20,
40 and 60 min of incubation, with some slices being exposed to 200 uM NE, 1 mM glutamate, 1 mM N-
methyl-D-aspartate (NMDA), 1 mM kainate, 1 mM quisqualate, or to NE in the presence of each of
the excitatory amino acid agonists. Glutamate had little effect on the slice content of free [*Hlinositol,
but it severely reduced the synthesis of [*H]inositol phospholipids, in the presence or absence of
NE. Glutamate also abolished NE-induced production of [*HJinositol monophosphate, [*Hl}inositol
bisphosphate and [*H]inositol trisphosphate. Quisqualate mimicked the effects of glutamate, whereas
NMDA and kainate caused less inhibition of the synthesis of [*HJinositol phospholipids and did not
inhibit the response to NE. Glutamate produced similar inhibitory effects in slices from hippocampus
and striatum. To test if the inhibitory effect of glutamate was the result of irreversible cell damage,
cortical slices were incubated with 1 mM glutamate for 60 min prior to exposure to [*H]inositol and NE.
Preincubation with glutamate did not reduce the synthesis of [*H}inositol phospholipids or inhibit NE-
stimulated [*H]inositol monophosphate production. These results indicate that glutamate impairs the
synthesis of inositol phospholipids. Each of the excitatory amino acid agonists, quisqualate, NMDA
and kainate, inhibited [*H]inositol phospholipid synthesis, but only quisqualate affected [*HjJinositol
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phospholipids available to the a;j-adrenergic receptor.

One of the major mechanisms by which neuro-
transmitters induce postsynaptic responses appears
to be by stimulating the hydrolysis of lipids. The
clearest model of this type of mechanism is the
receptor-coupled activation of a guanine nucleotide
binding protein which stimulates phospholipase C to
hydrolyze inositol-containing phospholipids [1, 2].
At least two second messengers are formed from this
reaction, diacylglycerol which modulates the activity
of protein kinase C, and inositol trisphosphate which
modulates the intracellular concentration of calcium
[3,4].

Regulatory mechanisms associated with the
phosphoinositide second messenger system are only
beginning to be identified. Because of our interest
in the mechanisms producing status epilepticus [5, 6]
and because of the increasing evidence that excit-

atory amino acids are important mediators of many .

types of seizures [7], we were especially interested
in recent reports describing modulatory effects of
excitatory amino acids on cholinergic or adrenergic
receptor-coupled phosphoinositide hydrolysis in
CNS tissues [8-10]. Baudry et al. [8] and Schmidt ez
al. [9] reported that excitatory amino acids inhibit

* Correspondence: Dr. R. Jope, Department of Phar-
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phosphoinositide hydrolysis stimulated by carbachol
but not by norepinephrine (NE). Nicoletti ez al. {10]
reported that excitatory amino acids inhibit phospho-
inositide hydrolysis stimulated by NE but not by
carbachol. The contrasting effects reported in these
studies may be due to differences of the methods
and tissues used in each laboratory. In the present
study, we compared different methods used to meas-
ure the modulation by glutamate of NE-induced
phosphoinositide hydrolysis. From our initial results,
we formulated the hypothesis that at least a part
of the inhibition of NE-induced phosphoinositide
hydrolysis caused by excitatory amino acids was due
to inhibition of the incorporation of [*Hlinositol into
[*H]phosphoinositides available to a;-adrenergic
receptors. We also compared the effects of glutamate
on slices prepared from rat cerebral cortex, hip-
pocampus and striatum and identified a quisqualate-
selective site as being responsible for the inhibitory
effects of glutamate on the response to NE in cortical
slices.

MATERIALS AND METHODS

- Tissue preparation. Male, Sprague-Dawley rats
(200-250 g) were decapitated, and the brains were
removed rapidly and placed in ice-cold 0.32M
sucrose for dissection on ice. Slices (0.3 X 0.3 mm)
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were prepared from isolated cerebral cortex, hip-
pocampus or striatum using a McIlwain tissue slicer.
Slices were washed several times in incubation
medium (NaCl, 122 mM; NaHCO3, 3.6 mM; MgCl,,
1.2 mM; KCl, 5 mM; CaCl,, 1.3 mM; N-2-hydroxy-
ethylpiperazine-N'-2-ethanesulfonic acid (HEPES),
30 mM; glucose, 11 mM; freshly bubbled with 95%
0,/5% CO,; adjusted to pH 7.4) and were regen-
erated by incubation for 1hr at 37° followed by
several washes with fresh medium.

Assay of [HJinositol incorporation into slices and
[PHlJinositol monophosphate production. Several dif-
ferent exgerimental protocols were used to expose
slices to [°H]inositol and to test the effects of several
drugs. Data shown in Table 1 are from experimental
procedures unique to that table and the methods are
described in the table legend. In all experiments, 50-
ul samples of gravity-packed cortical slices (con-
taining approximately 1-2mg protein) or 25-ul
samples of hippocampal or striatal slices were used
and all experiments were carried out in triplicate.

Data in Figs 1-5 are from experiments using the
following procedures, which were adapted from pre-
vious reports [11-15], in which slices were exposed
simultaneously to [*Hl}inositol and test agents. Ali-
quots of slices were incubated in a final volume of
500 ul of incubation medium containing 10 mM LiCl,
0.5 uM myo-[2-*H]inositol (15 Ci/mmol) and the
indicated concentrations of test agents for 5, 10, 20,
40 or 60 min at 37°. At the end of the incubation,
samples were rapidly washed two times with 3 ml of
ice-cold medium and were mixed with 1.5ml of
CHCl;:MeOH: 12N HCI (1:2:0.01). The samples
were incubated at room temperature for 30 min and
then transferred to extraction tubes and mixed with
1ml of CHCl; and 0.5ml of H,O. Phases were
separated by centrifugation. Aqueous fractions were
transferred to clean tubes and mixed with 0.5 ml of
a 50% slurry of AG 1-X8 resin. After 10 min, the
mixtures were poured over small columns, and the
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[*H]inositol and [*Hlinositol phosphate fractions
were eluted sequentially and collected in scintillation
vials as described previously [11, 16]. The radio-
activity in each sample was measured with a counting
efficiency 0f 40%. Organic fractions were transferred
to scintillation vials and dried overnight at room
temperature, and the radioactivity was measured.

For experiments reported in Fig. 6, after the regen-
erative incubation and subsequent washes, slices
were incubated in medium containing no addition,
200 uM NE, 1 mM glutamate, or NE and glutamate
for 60 min. Slices were then washed several times in
fresh medium. Slices were added to vials containing
[*Hlinositol and LiCl, as described above, and incu-
bated for 60min with the additions indicated.
Samples were then analyzed exactly as described
above.

Statistical analysis. Data were analyzed using Stu-
dent’s t-test, and a P value of < 0.05 was considered
significant.

Materials. AG 1-X8 anion exchange resin was
obtained from Bio-Rad (Richmond, CA). 1-Nore-
pinephrine, l-glutamate, N-methyl D-aspartate
(NMDA) and quisqualate were from the Sigma
Chemical Co. (St. Louis, MO). American Radio-
labelled Chemicals, Inc. (St. Louis, MO) supplied
the myo-[2-*H(N)]inositol (15 Ci/mmol).

RESULTS

In the first experiments of this project, we com-
pared two methods of measuring receptor-coupled
inositol phospholipid hydrolysis in cortical slices
incubated in the presence of NE and/or glutamate
(Table 1). With the first method, slices were pre-
labeled with [*Hlinositol for 1 hr and then washed
several times to remove exogenous [*H]inositol. Sub-
sequent incubation with NE and/or glutamate
resulted in no significant inhibition by glutamate
(10% inhibition) of NE-induced [*HJinositol mono-

Table 1. Modulation by glutamate of NE-induced [*Hlinositol monophosphate
production

[*H]Inositol monophosphate (cpm)

Addition Method 1 Method 2
None 1090 = 115 1380 = 83
Glutamate 1260 + 121 840 * 61
NE 3870 = 229 4680 = 415
NE and glutamate 3480 + 248 2450 = 87*

Two different methods were used to measure the effect of glutamate (1 mM)
on [*HJinositol monophosphate production stimulated by NE (200 uM) in
cortical slices incubated for 1 hr at 37°. Method 1: Slices were incubated with
[*Hlinositol for 1hr in the absence of CaCl,, which results in enhanced
synthesis of [*H]inositol phospholipids [16]. Subsequently, the slices were
thoroughly washed to remove free exogenous [*Hlinositol, and aliquots of
slices (50 ul) were incubated for 1 hr in medium (450 ¢l) containing CaCl, and
NE, glutamate or both agents. Method 2: Slices (50 ul) were added to vials
containing [*HJinositol and incubated in incubation medium (without CaCl,)
in a final volume of 500 ul for 1 hr. Subsequently, CaCl, (1.3 mM), NE and/
or glutamate were added to the vials, and the incubation was continued for
another hour. Values are means = SEM from three experiments measured in

triplicate.

* P < 0.05 compared with NE (Student’s ¢-test).
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phosphate production. In contrast, with Method 2
slices were preincubated with [*Hlinositol and then
NE and/or glutamate were added without removing
the [*Hlinositol. Using this method, glutamate sig-
nificantly reduced the NE-induced [*H]Jinositol
monophosphate production (Table 1).

These results led us to hypothesize that one effect
of glutamate may be impairment of the availability
of [*Hjinositol phospholipids to the a;-adrenergic
receptor. Therefore, preincubation with [*Hlinositol
was deleted to study in detail the time course of
[*Hlinositol distribution when slices were incubated
in the presence of NE and/or excitatory amino acid
aagonists. A similar protocol of simultaneously adding
[°Hlinositol and agonists to medium with brain slices
has been used previously by a number of inves-
tigators studying agonist-induced phosphoinositide
hydrolysis [11-15].

Free [*H]Jinositol. We first tested whether excit-
atory amino acids inhibited the uptake of [*H]inositol
into cortical slices by measuring the free [*Hlinositol
and the total [*H] throughout 5-60 min of incubation.
Figure 1 shows the content of [*H]inositol in cortical
slices incubated for 5, 10, 20, 40 or 60 min in the
presence of 0.5 uM [*H]inositol. [*H]Inositol rapidly
accumulated in the slices during the first 5 min of
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incubation. In the absence of added agents, the initial
rapid accumulation of free [*H]inositol was followed
by a much slower increase between 5 and 60 min
(Fig. 1A). During the shorter time periods, there
were no significant effects of NE, glutamate, quis-
qualate or NMDA on the content of [*H]inositol.
However, in the presence of NE the secondary slow
increase of [*HlJinositol was not observed and the
slice [*H]inositol concentration remained approxi-
mately constant between 5 and 60 min of incubation
(Fig. 1B). This resulted in significantly less free
[*Hl]inositol in the slices after 40 and 60 min of incu-
bation with NE compared with no addition (Fig.
1A). After 60 min of incubation, glutamate and quis-
qualate also significantly reduced the slice [°HJ-
inositol concentration compared with slices incu-
bated without added agents. Figure 1B shows that
in the presence of NE the excitatory amino acids
did not alter significantly [°Hlinositol in the slices
compared with incubation with NE alone. Both with
and without NE, kainate had effects similar to those
of NMDA (data not shown). Thus, in the presence
of NE, the excitatory amino acids did not modify the
free [*HJinositol in cortical slices.

Total [?H]. During the incubation, [*Hlinositol is
converted to a variety of products, the major ones
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Fig. 1. Free [*Hlinositol (A,B) and total [*H} (C,D) in cortical slices. After preincubation for 60 min,
slices were washed and incubated for 5, 10, 20, 40 or 60 min with 0.5 uM [*Hlinositol as described in
Materials and Methods. Panels A and B show the slice content of free [*HJinositol and panels C and D
show the total [*H] in the slices, which is the sum of free [*Hlinositol, [*H]inositol phospholipids and
[*Hlinositol monophosphate, the three fractions that account for most of the [*H] in cortical slices.
Panels A and C show the effects of each agent added individually compared with (O) no addition; (H)
200 uM NE; (O) 1 mM glutamate; (A) 1 mM quisqualate; and (&) 1 mM NMDA. Panels B and D
show the effect of (W) 200 uM NE compared with each agent in the presence of 200 uM NE: (@) NE
and glutamate; (A) NE and quisqualate; and (@) NE and NMDA. Each symbol represents the
mean * SEM of three experiments measured in triplicate. Key: (*) P <0.05; and (**) P <0.005,
compared with no addition in A and C or compared with NE in B and D at each time point (Student’s
t-test).
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being [*Hlinositol phospholipids and [*H]inositol
monophosphate (since 10 mM LiCl is included in
the incubation medium to inhibit inositol-1-
phosphatase). Panels C and D of Fig. 1 show the total
accumulation of [*Hlinositol-containing products in
cortical slices as a function of time and show the
effects of NE and of the excitatory amino acids. In
the absence of added agents there was a linear
increase with time of total [*H] from 5 to 60 min
which was due largely (67%) to the increased free
[*Hl]inositol in the slices (as shown in Fig. 1A).
In contrast, in the presence of NE, glutamate or
quisqualate there was a slower rate of increase of
total [*H] in the slices. In the presence of NE, the
increase was due largely (80%) to [*Hlinositol
phospholipids. Glutamate and quisqualate resulted
in small decreases of total [*H] compared with basal
at 40 and 60 min (Fig. 1C), but in the presence of
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Fig. 2. [*H]Inositol phospholipids in cortical slices. After
preincubation for 60 min, slices were washed and incubated
for 5, 10, 20, 40 or 60 min with [*Hlinositol followed by
measurement of radioactivity in the lipid fraction. Panels
A and B show the rate of incorporation of [*H]inositol into
[*Hlinositol phospholipids. Panel A shows the effects of
each agent alone compared with (O) no addition; (M)
200 uM NE; (O) 1 mM glutamate; (A) 1 mM quisqualate;
and () 1 mM NMDA. Panel B shows the effect of (H)
200 uM NE compared with each agent in the presence of
200 uM NE; (@) NE and glutamate; (A) NE and quis-
qualate; and (@) NE and NMDA.. Each symbol represents
the mean = SEM of three experiments measured in
triplicate. Key: (*) P < 0.05; and (**) P < 0.005 compared
with no addition in panel A or compared with 200 uM NE
in panel B at each time point (Student’s -test).
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NE the excitatory amino acids did not reduce the
total [°H] significantly except for a slight reduction
by glutamate at 60 min (Fig. 1D). This is one indi-
cation that under these conditions the excitatory
amino acids did not appear to induce cell lysis. In
data presented later in this report, the consistent
slice content of total [°’H] was used in some cases
to normalize data to compensate for variability of
aliquoting slices into incubation vials.

H]Inositol phospholipids. Figure 2 shows the
rate of incorporation of [*Hlinositol into phospho-
lipids in cortical slices. In the absence of added
agents, the rate of synthesis of [°Hlinositol phospho-
lipids was linear throughout 60 min of incubation.
NE induced a slight increase of [*Hinositol phospho-
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Fig. 3. [*H]Inositol monophosphate production in cortical
slices. After preincubation for 60 min, slices were washed
and incubated for 5, 10, 20, 40 or 60 min with [*Hlinositol.
Panel A shows the formation of [*Hlinositol mono-
phosphate with the following additions to the incubation
medium: (O) none; (W) 200 uM NE; (O) 1 mM glutamate;
(A) 1 mM quisqualate; and (¢>) 1 mM NMDA. Panel B
shows the effects of excitatory amino acids on NE-induced
production of [*H]inositol monophosphate: (H) NE; (@)
NE and glutamate; (A) NE and quisqualate; and (@) NE
and NMDA. Each symbol represents the mean = SEM of
three experiments measured in triplicate. Key: (*)
P < 0.05; and (**) P < 0.005 compared at each time point
with no addition in panel A or with NE in panel B (Student’s
t-test).
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lipids which was statistically significant only at 40 min
(Fig. 2A). Glutamate and quisqualate significantly
inhibited the synthesis of [*H]inositol phospholipids
at 20, 40 and 60 min of incubation. NMDA caused
a smaller inhibition of [*Hlinositol phospholipid syn-
thesis than did quisqualate.

Figure 2B compares the rate of synthesis of
[*H]inositol phospholipids in the presence of NE
to the rates observed with NMDA, glutamate or
quisqualate in addition to NE. Quisqualate reduced
significantly the synthesis of [*Hlinositol phospho-
lipids in the presence of NE at every time period
tested from 5 to 60 min. Glutamate produced an
inhibitory effect similar to that of quisqualate,
whereas NMDA resulted in much less inhibition
which was statistically significant only at 40 and
60 min. The effects of kainate were similar to those
of NMDA (data not shown).

[PH]Inositol monophosphate. Figure 3 shows the
time course of the production of [*Hlinositol mono-
phosphate. In all samples there was already signifi-
cant [*Hlinositol monophosphate present at 5 min
which we presume is due to a contaminant and not
derived from receptor-coupled phosphoinositide
hydrolysis. NE significantly stimulated the pro-
duction of [*H]inositol monophosphate after 40 and
60 min of incubation, whereas the excitatory amino
acids had no significant effects compared with no
addition (Fig. 3A). The delay of the production of
[*HJinositol monophosphate in the presence of NE
presumably reflects the time required to label
receptor-coupled inositol phospholipids to a suf-
ficient degree to obtain measurable [*H]inositol
monophosphate. Using a similar protocol, a 40-min
lag in the production of [*Hl}inositol monophosphate
induced by cholinergic agonists in brain slices has
been reported [12].

Figure 3B shows the effects of the excitatory amino
acids on NE-induced [*H]inositol monophosphate
production. NMDA did not alter the effect of NE,
whereas glutamate and quisqualate totally blocked
the stimulatory effect of NE. Taken in conjunction
with the results shown in Figs 1 and 2, these results
suggest that glutamate and quisqualate inhibit the
incorporation of [*Hlinositol into phospholipids in
adrenergic receptor-containing cells. In contrast,
because NMDA reduced the synthesis of [*Hl]inositol
phospholipids, but not the production of [*H]inositol
monophosphate stimulated by NE, NMDA appar-
ently inhibits inositol phospholipid synthesis in other
cells or in compartments not coupled to the a;-
adrenergic receptor.

[H]Inositol polyphosphates. Results similar to
those obtained with [*Hlinositol monophosphate
were found by measuring [*H]Jinositol bisphosphate
and [*Hlinositol trisphosphate (Fig. 4). NE stimu-
lated the production of each product, and glutamate
and quisqualate effectively inhibited the response to
NE, but NMDA had no significant effect.

Hippocampus and striatum. The regional speci-
ficity of the inhibitory effect of glutamate on the
synthesis of [>H]inositol phospholipids and on NE-
induced [*HJinositol monophosphate production was
examined by carrying out experiments the same as
those reported for cortical slices using slices from
the hippocampus and the striatum (Fig. 5). In both
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Fig. 4. [*H]Inositol bisphosphate and [*Hlinositol tris-
phosphate in cortical slices. Slices were preincubated for
60 min, washed, and incubated for 60 min with [*H]inositol
and the indicated agents. Each value is the mean + SEM of
three experiments measured in triplicate. Key: (*) P < 0.05
compared with NE (Student’s t-test).

regions, glutamate inhibited the synthesis of
[*Hlinositol phospholipids both in the absence and
the presence of NE (Fig. 5, panels A and C). Glu-
tamate also effectively blocked NE-stimulated
[*Hlinositol monophosphate production in slices
from both regions (Fig. 5, panels B and D).
Glutamate pretreatment. Glutamate is a neurotoxic
ajgent and it could reduce the incorporation of
{"Hlinositol into lipids by causing cell lysis. To test
this possibility, an additional preincubation was
added to the protocol in which equal aliquots of
slices were incubated under one of four different
conditions for 1 hr at 37°: control medium, medium
with 200 uM NE, medium with 1 mM glutamate, or
medium with NE and glutamate. After this treat-
ment, the slices were washed thoroughly and then
incubated for 1 hr in medium containing [*HlJinositol
and NE and/or glutamate (as described in Figs 1-
3). Figure 6 shows the results from these
experiments. The primary observation was that,
regardless of the preincubation condition, NE pro-
duced a significant stimulation of [*H]inositol mono-
phosphate production. Therefore, incubation for
1 hr with glutamate did not cause cell damage result-
ing in the total inhibition of NE-stimulated
[*Hlinositol monophosphate production that was
demonstrated in Fig. 3. This supports the hypothesis
that the inhibitory effect of glutamate is due to
inhibition of the synthesis of [*Hlinositol phospho-
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Fig. 5. Effects of excitatory amino acids on [*H}inositol phospholipid synthesis and on NE-induced

production of [*H]inositol monophosphate in slices from hippocampus (A,B) and striatum (C,D). After

preincubation for 60 min, slices were washed and incubated for 60 min with [*Hlinositol and the agents

indicated as described in Materials and Methods. Each value is the mean = SEM of three experiments

measured in triplicate. Key: (X) P < 0.05 compared with basal (no addition); and (*) P < 0.05 compared
with 200 uM NE (Student’s ¢-test).

lipids and not to cell damage or inhibition of the
activation of the aj-adrenergic receptor by NE.

DISCUSSION

The first major finding of this investigation was
that the synthesis of [*H}inositol phospholipids in rat
brain slices was inhibited by glutamate and by each
of the selective excitatory amino acid agonists, quis-
qualate, NMDA and kainate. This inhibitory effect
was shown not to be due to inhibition of the uptake
of [*Hlinositol, but occurred at a step in the pathway
incorporating it into phospholipids. The precise site
of action has yet to be determined. Glutamate and
quisqualate more effectively inhibited [*H]inositol
phospholipid synthesis than did NMDA or kainate.
For example, Fig. 2A showed that after 60 min of
incubation quisqualate had inhibited the synthesis of
[*Hlinositol phospholipids by 50% while NMDA
inhibited it by 15%, compared with basal conditions.
In the presence of NE, the percentage inhibition by
quisqualate was even greater. Because more than
85% of the incorporated [*Hlinositol has been
reported to be in phosphatidylinositol in brain tissue,
and less than 15% in the polyphosphoinositides
[15,17-19], it is apparent that the major inhibitory
effects of glutamate and quisqualate occur at a step
prior to the synthesis of phosphatidylinositol.

A second important finding in this report is that

the reduced synthesis of [*HlJinositol phospholipids
caused by glutamate or quisqualate, but not that
caused by NMDA or kainate, resulted in inhibition
of NE-induced production of [*Hlinositol phos-
phates. Thus, the inhibitory effects of the selective
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Fig. 6. Effects of preincubation with NE and/or glutamate
on NE-stimulated [*Hlinositol monophosphate production.
Cortical slices were preincubated for 1 hr at 37° in medium
foliowed by several washes. Slices were then preincubated
a further 1 hr in medium containing no addition (control),
200 uM NE, 1 mM glutamate (glu) or NE and glutamate.
Afterwards, slices were thoroughly washed and incubated
in medium containing [*H]inositol with: no addition
(basal), 200 uM NE, or NE and 1 mM glutamate. Each
value is the mean + SEM of three experiments measured
in triplicate.
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agonists are cell-specific, and this specificity indicates
a colocalization of quisqualate-sensitive sites and
a;-adrenergic receptors. In clear contrast, although
NMDA significantly reduced the synthesis of
[*Hlinositol phospholipids, it did not alter NE-
induced production of [*HJinositol phosphates. This
indicates that the aj-adrenergic receptor and the
NMDA-sensitive site are either not colocalized or
that the pool of phosphoinositides affected by
NMDA is not coupled to the a;-adrenergic receptor.
The same result was obtained with kainic acid as was
reported for NMDA.

An alternative explanation for these results may
be that the excitatory amino acid agonists stimulate
a massive release of free inositol from phospholipids,
resulting in a large dilution of the added [*H]inositol
with unlabeled inositol. However, this effect would
also result in depletion of inositol phospholipids,
and the end result may be identical. This possibility
remains to be investigated, but the lack of a signifi-
cant decrease of free [*H]inositol in the presence of
the excitatory amino acid agonists suggests that this
did not occur.

The observed inhibition of [*H]inositol phospho-
lipid synthesis theoretically could be due to cell lysis
caused by the excitatory amino acid agonists since
these agents are well known to be neurotoxic agents.
To test this possibility, slices were first incubated for
60 min with glutamate under conditions identical to
those that were used to measure the synthesis of
[*H]inositol phospholipids. It was shown that, sub-
sequent to this treatment, slices were able to syn-
thesize [*Hlinositol phospholipids and the system
responded to NE identically as did slices pre-
incubated without glutamate. Removal of chloride
from the incubation medium also did not alter the
inhibitory effect of glutamate (data not shown).
Therefore, the conditions employed in these experi-
ments do not appear to lead to irreversible cell
damage affecting the NE-responsive phosphoino-
sitide system.

These results may help to explain the three appar-
ently contradictory reports in the literature con-
cerning the effects of excitatory amino acid agonists
on NE-induced [*H]Jinositol phosphate production.
Nicoletti et al. [10] observed inhibition of the NE-
response employing an assay in which [*HJinositol,
NE and excitatory amino acid agonists were present
together for 60 min. In contrast, Baudry et al. [8]
and Schmidt et al. [9] prelabeled tissue and then
removed the exogenous [*H]inositol before adding
NE and other agonists. Therefore, in the latter two
studies no inhibition was observed, because the inosi-
tol phospholipids were labeled prior to addition of
glutamate. Using their methods, submaximal label-
ing of the adrenergic receptor-coupled phospho-
inositides or longer incubation times with NE and
glutamate may result in reduced production of
[*H]inositol phosphates if the [*H]inositol phospho-
lipids are depleted and resynthesis from [*H]inositol
is inhibited by glutamate. The results in each of the
previous reports are consistent with our observations
that at least one mechanism by which the excitatory
amino acids inhibit NE-induced phosphoinositide
hydrolysis is due to the reduction of the availability
of the lipid substrates.
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Whether or not NE-induced phosphoinositide
hydrolysis is modulated by excitatory amino acids in
vivo will require further investigations. Our results
suggest that glutamate will have its major effects
when its synaptic concentration remains elevated for
long enough to significantly deplete phospho-
inositides available to a;-adrenergic receptors. This,
in turn, would be dependent upon the rate at which
these receptors are activated. These conditions might
be most likely to occur in conditions associated with
neurological disorders, such as seizures. Also,
phosphoinositide depletion induced by glutamate
may play a role in the neurotoxic properties of the
excitatory amino acids.
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