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EXPOSURE TO AN AGONIST AND ANTAGONISTS OF IONOTROPIC
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Abstract - The involvement of NMDA and AMPA/kainate receptors in the inducti
brain was examined after intrahippocampal injection of kainate, a non-NMD

ments took place at different times in the ipsi- and contralateral hipp
lum homogenates. The used glutamate antagonists both ensured
superoxide production and raising MnSOD levels, but in the mechanisms
ferent. Our findings suggest that NMDA and AMPA/kainate r

tion.
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INTRODUCTIO

The physiological effects of
tant excitatory neurotransmi
ed by ionotropic and m

pharmacological, e ectro-
physiological, and@biochemical  characteristics
(Skaper et al. 2001). Tonotropic glutamate receptors
comprise N-methyl-D-asparate (NMDA), a pha-amino-
3-hydroxy-5-methylisoxazole-4-propionate  (AMPA),
and kainate (KA) receptors (Varju et al. 2001). Mam-
mals show six NMDA receptor subunits, four AMPA
receptor subunits, and five KA receptor subunits
(Janssens et al. 2001).

Oxidative stress and excessive activation of gluta-
mate receptors are converging processes and represent
sequential as well as interacting factors that provide a
final common pathway for cell vulnerability in the brain
(Coyle e al. 1993). While excitotoxic and oxidative

rotecti

¥ kainate plus CNQX, a
I antagonist. The measure-
rtex, stristum, and cerebel-
tion in the sense of lowering

s are dif

UDC 612.815: 612.82

injury may occur independently, growing evidence indi-
cates that reactive oxygen species formation may also be
a specific consequence of glutamate receptor-mediated
neurotoxicity (Dugan et al. 1995). The precise cellular
mechanisms that lead to neurotoxicity under these condi-
tions ill remain unclear. Although NMDA receptors
likely contribute critically to neurond injury in various
acute conditions, several observations support the
hypothesis that AMPA/KA receptors may be of greater
importance to the neurodegenerative process
(Carriedo et al. 1998, 2000). Considerable evidence
supports alink between Ca* influx and glutamate recep-
tor-mediated neurodegeneration. Brief periods of activa-
tion of highly Ca*-permeable NMDA channels can result
in substantial intracellular Ca?* accumulation and wide-
spread neuronal injury (Lu etal. 1996, Hyrc et al. 1997,
Tseng et al. 2003). Mitochondria can buffer these large
Ca loads, but they do so at the expense of triggering
injurious reactive oxygen species (ROS) production
(Peng et al. 1998). Additiondly, the extremely rapid
interconversion of ROS within the cell can make it diffi-
cult to identify the originating species. In contrast to
NMDA receptors, AMPA/KA receptors are generaly
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Ca*-impermeable and trigger injury more slowly, with
prolonged periods of activation needed before significant
neuronal injury occurs (Koh et al. 1990). Subpopula-
tions of centra neurons, however, are highly vulnerable
to AMPA/KA receptor-mediated injury, likely attributa-
ble in part to the expression of large numbers of
AMPA/KA channels with high Ca* permesability (Weiss
et al. 1994).

Glutamate neurotoxicity is mediated by reactive
oxygen species formed as a consequence of severa
processes, including nitric oxide (Alabadi et al. 1999,
Nakaki et al. 2000, Radenovi¢ et al. 2003, Hal asz et
al. 2004) and superoxide (Li et al. 2001) production.
Superoxide radicals react rapidly with nitric oxide to
form highly cytotoxic peroxynitrite, which acts through
lipid peroxidation (L ee et al. 2001). Although there area
number of intracellular sources of free radicals, the mito-
chondria are thought to be the most important (Ciriolo
et al. 2001). The bioenergetic properties of in situ mito-
chondriaplay acentral rolein controlling the susceptibil-
ity of neurons to acute or chronic neurodegenerative
stress. Mitochondria from different tissue sources di
differential susceptibility to oxidizing species (Cassar
no et al. 1999; Heal es et al. 1999). Howeveglig no

ing species. In contrast to astrocyt
be particularly vulnerable to the
Such vulnerability may arise fr,

cellular energy demands b inferior
capacity to handle oxidi

1998). Regional distrifutio d AMPA/KA
receptors of the rat i

layers (layer 5) oif

(Bailey et al. 2001),
which is why we teSQl these particular brain regions:
hippocampus, forebrain (8rtex, striatum, and cerebellum.

The Mn-containing superoxide dismutase (SOD)
isoenzyme is predominantly localized to neurons and
their processes throughout the brain and the spina cord
(Lindenau et al. 2000). It seems reasonable to conclude
that differences in the basal content of SOD-isoenzymes
may contribute to different cellular susceptibilities in
neurodegenerative processes that are accompanied by
oxidative stress. Mitochondrial MnSOD seems to be a
key enzyme in oxygen metabolism in the brain, and it is
considered to be a major factor in protection of nervous
tissue against excitotoxic and ischemic/hypoxic lesion

(Budd et al. 1996, 1997). Manganese-containing SOD
represents a ROS-inducible enzyme which should allow
the adaptation of brain cells to variation in ROS concen-
trations resulting from their oxidative metabolism (Gon-
zales-Zulueta et al. 1999).

In order to investigate the role of NMDA and
AMPA/KA receptorsin glutamate neurctoxicity, we stud-
ied neuroprotective effects of respective receptor antago-
nists by monitoring the production of superoxide anion
and activity of mitochongy@*gSOD in the hippocam-
pus, forebrain, cortexd®s and cerebellum  after

intrahi ppocampal i on-NMDA receptor
agonist; KA pl quinoxaline-2,3-dione
(CNQX), a receptor antagonist; or
KA plus opentanoic acid (APV), a

selectivy DATr

MATERIALSAND METHODS
Animals

dult rats of the Wistar strain (Rattus norvegicus) of
both sexes, with body weight of 200 + 30 g, were used for
experiments. Groups of two or three rats per cage (Erath,
FRG) were housed in an air-conditioned room at room
temperature of 23 + 2°C with 55 = 10% humidity and
with lights on 12 h/day (07:00-19:00). The animals were
given a commercial rat food and tap water ad libitum.
These animals were anesthetized by giving intraperi-
toneal injections of sodium pentobarbital (0.0405 g/kg
b.w.) and were placed in a stereotaxic frame.

Experimental procedure and intracerebral
injection of drugs

The rats were divided into five basic groups (three
with drug treatment: KA, KA+CNQX, KA+APV; and
two control: intact animals and sham-operated), each
basic group consisting of five different subgroups
(according to surviva times) and each subgroup consist-
ing of eight animals. Animals in the drug-treated groups
received an unilateral injection of only KA (Sigma
Chemical Co. U.SAA., 0.5 mg/ml, dissolved in 0.1 M
saline, pH 7.2; 1 L total volume); KA plus CNQX (Wak-
Chemie Medical GMBH, Tocris, 0.5 mg/ml, dissolved in
DMSO, pH 7.2; 1 pL total volume); or KA plus APV
(Sigma Chemica Co. U.S.A., 0.5 mg/ml, dissolved
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in0.1 M saline, pH 7.2; 1 pL total volume) into the CA3
region of the hippocampus (coordinates from bregma
anteropogterior: - 3.3 mm, dorsoventra: 3.2 mm, and | at-
eral: 3.0 mm) using a Hamilton microsyringe with a
beveled tip. The control group received the same volume
(1 pL), but only sdine solution (sham-operated), while
the group of intact animals served as a control for
mechanica injection. The animals were allowed to sur-
vive for 5 min to seven days (5 min, 15 min, 2 h, 48 h,
and 7 days). All animals were anesthetized and decapitat-
ed, after which the brains were immediately removed.
The ipsi- and contralatera hippocampus, forebrain cor-
tex, striatum, and cerebellum from individual animals
were quickly isolated and homogenized in ice-cold buffer
containing 0.25 M sucrose, 0.1 mM EDTA, and 50 mM
K-Na phosphate buffer, pH 7.2. Homogenates were cen-
trifuged twice at 1580g for 15 min at 4°C. The super-
natant (crude mitochondrial fraction) obtained by this
procedure was then frozen and stored at - 70°C.

Superoxide production and measurement

In these experiments, superoxide was measured
monitoring the reduction of nitro blue tetrazoliurg

a colored formazan product for
um. Reduction of NBT was

Superoxide y

acti by the adrendine
: was used. The method
is based on measur t of the degree of adrendine
autooxidation inhibitioMgby MnSOD contained in the
examined samples (50 pL) in 50 mM sodium carbonate
buffer, pH 10.2, with 5 mM KCN. Enzymatic activity
was expressed in units per milligram of protein.

Protein concentration measurement

The content of protein in the rat brain homogenates
(hippocampus, striatum, forebrain cortex, and cerebel-
lum, ipsilateral and contralateral) was measured by the
method of L owry et al. (1951) using bovine serum albu-
min (Sigma) as standard. All measurements were per-
formed in triplicate.

MATERIALS

Chemicals were purchased from Sigma (St. Louis,
Mo., U.S.A.). Other chemicals were of analytical grade.
All drug solutions were prepared on the day of the exper-
iment.

Animals used for procedures were treated in strict
accordance with the NIH Guide for Care and Use of Lab-
oratory Animals (1985).

ith p<0.05
cant).

significant and p < 0.01 as very signif-

RESULTS
Superoxide production and MnSOD activity in rat brain

The results presented in Figs. 1-4 show the superox-
ide levels (O,7, UM NBT/mg protein) and the MnSOD
activity (MnSODx10® IU/mg protein) in ipsilateral hip-
pocampal, cortical, striatal, and cerebellar homogenates,
respectively. Results obtained comparing superoxide and
MnSOD levels in the intact group of animals and sham-
operated animals show the effect of mechanical injection
in rat brain. There was no significant difference between
superoxide and MnSOD levels in these two groups. This
means that mechanical injection alone is not sufficient to
trigger oxidative stress and/or excitotoxicity. We there-
fore considered sham-operated animals as controls. In the
control group, superoxide production and MnSOD levels
showed no significant differences between the left and
right hemispheres in any of the tested structures. Also,
there was no significant difference between mean super-
oxide levels and MnSOD levels obtained from each
hemisphere after antagonist treatment in any of the tested
brain structures, even when the injection site was in the
ipsilateral hippocampus (results not presented). The used
antagonists of glutamate receptor showed the same pat-
tern in all tested brain structures.

Intrahi ppocampal injection of KA resulted in genera-
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[ly higher levels (p<0.05) of superoxide production in all
tested brain structures. The obtained levels of superoxide
production were highest in the hippocampus. Rapid
increase in superoxide production was found at 5 min
after KA injection, and these higher levels continued to
be above normal at all tested times (with 7 days as the
final time point) in al tested brain structures (Fig. 1). At
15 min after KA injection, superoxide measurements in
the hippocampus (11.72 £ 1.15 uM NBT/mg protein), in
theforebrain cortex (10.46 + 1.19 uM NBT/mg protein),
and in the striatum (10.36 + 1.18 uM NBT/mg protein)
showed statistically very significant differences (p<0.01)
compared with the equivalent control group (Figs. 1-3).
The results obtained for the contralateral hippocampus,
forebrain cortex, and striatum were similar (data not
shown).

Levels of MNSOD were highest in the hippocampus,
at the injection site (control or KA-treated). Intrahip-
pocampal injection of KA caused significant increase in
MnSOD levels after 5 and 15 min, followed by further
significant increase at 48 h and 7 days in the hippocam-
pus and in the forebrain cortex (Figs. 1 and 2), an
approximately similar effect was found in the cerebell
(Fig. 4). In the striatum significant increase ig

levelswas found only at an early tested timg e
min (Figs. 3 and 4).
al tested

Intrahippocampal injection
resulted in very significant decr,

brain structures compar
KA-treated animals (Figs.

pocampus, 2.76 = @M NBT/mg protein in the fore-
brain cortex, 259 +' QL9 UM NBT/mg protein in the
striatum, and 2.25 + 1.88 uM NBT/mg protein in the
cerebellum, p<0.01; Figs. 1-4). Measurement a 5 min
after KA plus CNQX injection showed significant
decrease (p<0.05) of superoxide levels compared to the
control group in all tested brain structures.

Intrahippocampal injection of KA plus CNQX
resulted in significant increase of MnSOD activity only
at late testing times (2 h, 48 h, and 7 days) in nearly all
tested brain structures compared with the equivalent
group of KA-treated animals and the control group (Figs.
1-4). The effect of this antagonist was striking 7 days
from injection in al tested brain structures, but MnSOD

activity was highest in the hippocampus (4.23 + 0.26
MnSODx10® IU/mg protein, p<0.01; Fig. 1).

Intrahi ppocampal injection of APV plus KA resulted
in a reduction of superoxide levels back to control levels
in al tested brain structures (Figs. 1-4). Thus, there was
significant decrease in superoxide levels only in compar-
ison to KA-treated animals (p<0.05). Analogous to the
excitotoxic effect obtained with KA-injected animals,
statistically the most significant decrease was obtained at
15 min (5.37 £ 1.19 pu\gMSGg protein in the hip-
pocampus, 5.76 = 1.1 g protein in the fore-
brain cortex, p<0.0J, FI

Of KA plus APV resulted
activity in all tested struc-
tagonist caused significant

ed brain structures (Figs. 1-4), with the highest
of MnSOD activity measured in the forebrain cor-
tex (4.06 = 0.19 MnSODx10® IU/mg protein, p<0.01; Fig.
4). The used antagonist of glutamate receptor showed the
same pattern in all tested brain structures.

Behavioral changes after glutamate antagonist injection

The purpose of this study was to investigate fine
changes in superoxide and MnSOD levels during the
process of excitotoxicity in various brain parts. Our aim
was to inject glutamate antagonists (appropriate dose),
but to avoid any behavioral changes ("wet dog shake",
focal seizure of the limbs and neck, hypersalivation, or
generalized convulsion) and typical limbic seizures
evolving into status epilepticus. We were careful to avoid
it because during status epilepticus hippocampa blood
flow, oxygen supply, and body temperatures are modi-
fied. These effects are accompanied by severe damage to
all subfields of the hippocampal formation. It is a condi-
tion of intense metabolic activation and could interfere
with our results and measurements. We did not measure
epileptic activity by electroencephalogram. All animals
in the experiment behaved normally.

DISCUSSION

Recent studies have linked glutamate toxicity and
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Superoxide production in rat hippocampus
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Fig. 1. Effect of intrahippocampal injection of kainate (KA), kainate plusAPV (KA+A
proteins) and MnSOD activity (x10° 1U/mg prot.) in therat ipsilateral hippocampus at di
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us CNQX (KA+CNQX) on superoxide levels (O,', uM NBT/mg
mes. Data are means + S.D. * and ** indicate statitically signif-

. = R e i

E’ O tact

= 1o @Ecor ol

=

= = [ I S

= @ HAHT NS
=3

[ R S ST

O &act
Ecoutrol
SRR
|=micnax
. EEAEP W

MEO0 §10 U/ mgpet)

F oday=s

Fig. 2. Effect of intrahippocampal injection of kainate (KA), kainate plus APV (KA+APV), and kainate plus CNQX (KA+CNQX) on superoxide levels (O,', upM NBT/mg
proteins) and MnSOD activity (x10° IU/mg prot.) in therat ipsilateral forebrain cortex at different survival times. Data are means + S.D. * and ** indicate statistically sig-
nificant (p<0.05) and very significant (p<0.01) differences between glutamate antagonist-treated and control (sham-operated) animals. # and ## indicate statisticaly signif-
icant (p<0.05) and very significant (p<0.01) differences between glutamate antagonist-treated and kainate-treated animals.
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Superoxide producton in rat stristum
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Fig. 3. Effect of intrahippocampal injection of kainate (KA), kainate plusAPV (KA+A
proteins) and MnSOD activity (x10° IU/mg prot.) in the rat ipsilateral striatum at differ Dataare means + S.D. * and ** indicate statistically significant
(p<0.05) and very significant (p<0.01) differences between glutamate ant ist-treated am-operated) animals. # and ## indicate statistically significant
(p<0.05) and very significant (p<0.01) difference between glutamate antago reated animals.
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Fig. 4. Effect of intrahippocampal injection of kainate (KA), kainate plus APV (KA+APV) and kainate plus CNQX (KA+CNQX) on superoxide levels (O,', pM NBT/mg
proteins) and MnSOD activity (x10° lU/mg prot.) in the rat ipsilateral cerebellum at different surviva times. Data are means + S.D. * and ** indicate statistically signifi-
cant (p<0.05) and very significant (p<0.01) differences between glutamate antagonist-treated and control (sham-operated) animals. # and ## indicate statistically significant
(p<0.05) and very significant (p<0.01) differences between glutamate antagonist-treated and kainate treated animals.
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superoxide production to mitochondrial disfunction
(Dugan et al. 1995). A number of synthetic glutamate
receptor antagonists, especially drugs interfering with
NMDA receptors, were identified as promising neuropro-
tective agents, but they failed in clinical trials because of
undesirable side effects or lack of efficacy (Urenjak et
al. 2000). Thereis apharmacological difference between
glutamate and its receptor agonists. Unlike its receptor
agonists, glutamate can activate al glutamate receptors
and can be taken up by many different cells, including
neurons and glia. The glutamate transport system may
play arole in the difference between glutamate and its
receptor agonists in the observed excitotoxic effects
(Li et al. 1998). These glutamate transporters can be
inhibited by peroxynitrite, formed by a combination of
superoxide and nitric oxide and sensitive to the cell's
redox state (Trotti et al. 1997). Reduced glutamate
uptake will prolong glutamate receptor activation by
extracellular glutamate, which will exacerbate neuronal
injury (Trotti et al. 1996). Under physiological condi-
tions, a dynamic equilibrium exists in vivo between the
oxidative damage potentia and the antioxidant defense
capacity. However, during episodes of oxidative str
increased free radical production or reduced antioxid
reservoirs might upset this balance. Superoxidggiigical i
much less reactive than other ROS and g
membranes and act at a distance. As t
mechanism, superoxide dismutase D)
superoxide to produce hydrogen
oxygen.

In the present stu

. YVe have shown that

increased immediately
R remained increased throughout
the experiment (7 daysWvas the longest survival time
examined). This significant increase in superoxide pro-
duction correlated with MnSOD levels and presumably
with the degree of neurona injury. Neurona cells
responded to oxidative stress in kainate-induced neuro-
toxicity and induced the protective mechanism to
increase MnSOD levels. The striatum, the main compo-
nent of the basal ganglia, receives glutamatergic inputs
from the cortex and thalamus, and considerable attention
has therefore been given to the role of excitotoxicity in
striatal disorders. A KA-induced effect was demonstrated
in al tested brain structures, while the striatum was
shown to be the most resistant to KA-induced injury

according to our results.

Induction of mitochondrial MnSOD under patholog-
ical conditions is variable and related mainly to the type
of injury (Bidmon et al. 1997; Kim et al. 2000;
Liang et al. 2000). Neuronal superoxide production
varies with metabolic activity and age. The role of oxy-
gen radicals in AMPA/KA receptor-mediated injury is
less clear. Developmental increase in mitochondrial
superoxide production and oxidative DNA damage fol-
lowing KA seizures sugggl gt mitochondrial oxida-
tive stress may be a kg [T\ renders the develop-
ing brain resistanigto ced brain damage

flux may constitute a key
eptor activation and subse-
enerat®n. In cortical culture, brief peri-
of NMDA channels, which are highly
e capable of triggering widespread
eurodeg®Meration. In contrast, much more prolonged
iods ivation of AMPA/KA receptor-gated chan-
equired before comparable neurotoxicity devel-
This may reflect the fact that most AMPA/KA chan-
nels are poorly permeable to Ca&* and likely cause sec-
ondary Ca* influx via the depolarization and activation
of voltage-sensitive Ca* channels. Multiple factors have
been hypothesized to contribute to the differences in tox-
icity that result from NMDA and AMPA/KA receptor
activation (Carriedo et al. 1996; Nicholls et al, 2000).

In the present study, we detected a differential effect
of the NMDA antagonist APV and the AMPA/KA antag-
onist CNQX on superoxide production and MnSOD
activity after intrahippocampal injection with KA. The
effect of KA on superoxide production was completely
blocked by the glutamate antagonists. Intrahippocampal
injection of KA with APV resulted in decrease of super-
oxide production to around control levels in al tested
brain structures. Thus, significant decrease in superoxide
levels was found only in comparison to KA-treated ani-
mals, i.e. the overall effect of aselective NMDA receptor
antagonist was a decrease of kainate-induced excitotoxi-
city. The accent effect of intrahippocampal injection of
KA plus the selective AMPA/KA receptor antagonist
CNQX resultedin significant decrease of superoxide pro-
duction to below the control levels in all tested brain
structures, indicating the existence of an AMPA/KA
receptor-mediated component of basal superoxide pro-
duction in control conditions. The effect of this antago-
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nist is striking at 5 min from injection in al tested brain
structures.

It has been shown that MnSOD has a neuroprotec-
tiverolein glutamate excitotoxicity (Keller et al. 1998).
and is characterized by a heterogeneous distribution in
the brain (Akai et al. 1990). In the striatum, cholinergic
neurons and somatostatin neurons are enriched with
MnSOD, as are cholinergic neurons of the basal forebrain
(thelatter highly s0). In the hippocampus, MnSOD enric-
ment is mainly observed in parva bumin-containing neu-
rons. The presence of MnSOD-positive interneurons was
recorded in the stratum piramidale with highest packing
densities in the subiculum and CA3. The highest packing
density within the hippocampal formation occurred inthe
polymorphic cell layer of the dentate gyrus. It isalso pos-
sible that MnSOD is involved in limiting the damage in
remote brain areas that were not ischemic caused by
scavenging radicals formed in response to deafferentia-
tion (Bidmon et al. 1997).

Our results show that there is a clear, transient
increase of inducible MnSOD in all tested brain regi
after intrahippocampal injection of glutamate antag
nists. Although NMDA-induced superoxide 3 ctio

. TYie obtained increaseis

creased levels of super-
oxide (Gonzales-Z\geta et al. 1999; Li et al. 1998).
The delayed increases oMINSOD activity at 48 h and 7
days suggest rapid de novo synthesis probably involving
transcription of the gene and trandation of its MRNA
(Hussain et al. 2004).

From the data presented it is obvious that increasein
MnSOD activity in KA-induced excitotoxicity is not
dependent on superoxide production only. We hypothe-
size that by selectively blocking AMPA receptors with
CNQX, we reduced superoxide production but did not
inhibit mitochondrial transport or several other cellular
pathways for radical generation. A possible explanation is
that MnSOD activity can be induced by many cytokines

and not only by superoxideitself (Pinteaux et al. 1996).
The effect of increased MnSOD activity was obtained
with KA+CNQX intrahippocampal injection, but the
CNQX and APV effects differed in time dynamics. In all
tested brain structures, significant increase was detected
from 2 h up to 7 days. Previous studies suggested that
mitochondrial MnSOD is important for resistance to
toxic cdlular insults and plays a major protective role
(Nicholls et al. 1999). It seems that the mechanisms
and the time points of induction of MnSOD activity by
NMDA and AMPA/KA e @gaists may be different.
Most probably direct ighry leadsS@ an instant induction
of MnSOD expressign,
transfer the sign

regions. The FgonistsAPV and CNQX

both ensu protection in the sense of

loweri ction and raising MnSOD lev-

els, t echani¥ms and time dynamics of their
were ent.

HereWe record that induction of MnSOD occurs in

arategprain areas (hippocampus, forebrain cortex,
Str ; and cerebellum) after intrahippocampal gluta-
antagonist-induced seizure. This finding indicates
that protection against superoxide radicals took place not
only around the lesioned area, but may spread to more
remote areas. Furthermore, the data point to adifferential
role of NMDA and AMPA/KA receptors during this neu-
ropathologica condition. Theincrease of MnSOD in dis-
tinct brain regions that are functionally connected via
afferents and efferents suggests that these regions are
affected by the injury. It suggests that MnSOD protects
the cells in these regions from superoxide-induced dam-
age and therefore may limit the retrograde and antero-
grade spread of neurotoxicity.
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OCT MUTOXOHJAPHUJAJIHE MnSOD MMOCJIE IPUMEHE
HUX INTYTAMATHUX PEHEIITOPA Y MO3I'Y ITAIIOBA

JIN, PAJIEHOBUR' 1 BECHA CEJIAKOBUR?

2Uncm eou

aroHUCTe IJIyTamar peuenTopa, y CeJIeKTHBHO
ocetsbrB CA3 pernoH xuIokamIryca namosa JTIOBOAH 10
SKCIIMTOTOKCHYHOT ~ omrTehema HeypoHa Yy  OBOj
CTPYKTYpH, TIOCPEIOBAaHOI CTBapameM CIOOOIHHUX
panukaiza kao Menujaropa omtehema. Ysumajyhu y
003Mp aHAaTOMCKO-()YHKIIMOHAJIHY IIOBE3aHOCT celle-
KTHBHO OCETJbHBUX MOXIAHUX CTPYKTypa (XUIMOKaMITycC,
KOPTEKC, CTPUjaTyM U LepedenyMm) W CHeUPpUIHOCT
BUXOBE OMOXEMH]CKE OpraHu3alHje, MEepeHmeM KOHIIe-
HTpalmje cynepokcuaHor paaukana 1 MnSOD npaheno
j€ TIPOCTOPHO M BPEMEHCKO HIMPEHE EKCIUTOTOKCHYHOT
omrehema MHIYKOBAHOT HWHTPAXUMOKAMIIATHOM AIljIH-
KanujoM KawHW4yHe KucenuHe. Ilomasehm on oBako
M3a3BaHE EKCIUTOTOKCUYHOCTH HCIUTHBAHA je MO-

Duzupnozujy u buoxemujy, buonomku paxynret, 11000 Beorpan;
ka ucmpaxcusarna, BMA, 11000 beorpanx, Cpouja u Llpua T'opa

ryhHocT HeypompoTekTHBHOT nenoBama APV-cerne-
kruBHOT aHTaronnct NMDA peunentopa u CNQX-
noteHTHOr aHtaronucre AMPA/kanHaTHUX perenTopa,
OIHOCHO CYIICTaHIIM KOje Ha PasIMYUTUM MeCcTUMa
npekuajy kackany omrehyjyhux peaknuja. JJokasana je
pazmuunta  yaora  joHorpomHux ~ NMDA  wu
AMPA/kanHaTHUX TIyTAMAaTHUX pelenTopa y Mpoay-
KIMjU CyHepoKCHAa W MOJyNaluje W aKTUBHOCTH
mutoxonapujantae MnSOD. IlokasaHo je nga oOkcu-
JIATUBHU CTPEC KOjU MEHa XOMeocTasy HepBHHX heimja
MOXe OMTH yOnaskeH NPUMEHOM Ppa3IMYUTHX KOMIIe-
TUTHUBHHUX AHTAaroOHUCTa jJOHOTPONMHHUX TIJIyTaMaTHHX
peuentopa (APV u CNQX), anu 11a je \ibUXOB MEXaHH3aM
JIejCTBa PA3IMYMT, ITO UMIUIMIMPA HEYPOIPOTEKTUBHO
JIEjCTBO OBHX CYIICTAHIIH.
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