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Glucose/Oxygen Deprivation Induces Release of [3H]5-hydr0xytrypta-
mine Associated with Synapsin 1 Expression in Rat Hippocampal

Slices
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It has been well documented that a massive release of not only glutamate but also other neurotransmitters
may modulate the final responses of nerve cells to the ischemic neuronal injury. But there is no information
regarding whether the release of monoamines is directly associated with synaptic vesicular proteins under
ischemia. In the present study, it was investigated whether synapsin 1, syntaxin and SNAP-25 are involved
in the release of 5-hydroxytryptamine ([’H]5-HT) in glucose/oxygen deprived (GOD) rat hippocampal
slices. And, the effect of NMDA receptor using DL-2-amino-5-phosphonovaleric acid (APV) on ischemia-
induced release of 5-HT and the changes of the above proteins were also investigated. GOD for 20 minutes
enhanced release of ['H]5-HT, which was in part blocked by the NMDA receptor antagonist, APV. The
augmented expression of synapsin 1 during GOD for 20 minutes, which was also in part prevented by
APV. In contrast, the expression of syntaxin and SNAP-25 were not altered during GOD. These results
suggest that ischemic insult induces release of [PH]5-HT associated with synapsin 1, synaptic vesicular

protein, via activation of NMDA receptor in part.
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INTRODUCTION

Brain tissues have high energy demand requiring a
constant and unimpeded supply of oxygen and sub-
strate (Siesjo, 1984). Ischemia is conveniently defined
as a reduction in cerebral blood flow of sufficient
severity to cause functional or metabolic deficits, or
overt brain damage (Siesjo et al, 1998). The primary
effects of ischemia are reduced supply of substrate for
energy metabolism (oxygen and glucose) and cause
neuronal and glial death directly. These primary
abnormalities and after reperfusion can also trigger
secondary processes leading to cell death in regions
of incomplete ischemia (Sharp et al, 1998). Secondary
effects of ischemia in the brain include release of
neurotransmitters, calcium influx into cells, activation
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of protease and lipases, production of free radicals
and proinflammatory molecules, activation of intra-
cellular second messengers, and induction of genes
that promote cell death via apoptosis (Sharp et al,
1998).

It is well-known that glutamate is released during
ischemia (Benveniste et al, 1984; Globus et al, 1988a)
and several other neurotransmitters appear simul-
taneously in the extracellular space; y-aminobutyric
acid (GABA) (Globus et al, 1988b; Phillis et al,
1994), dopamine (Globus et al, 1989; Phebus &
Clements, 1989), 5-hydroxytryptamine (5-HT) (Baker
et al, 1991; Prehen et al, 1991), glycine (Korf et al,
1988; Hillered et al, 1989), norepinephrine (Globus et
al, 1989) and acetylcholine (Bertrand et al, 1993;
Ishimura et al, 1994). It has been well documented
that a massive release of not only glutamate but also
other neurotransmitters may modulate the final re-
sponses of nerve cells to the ischemic neuronal injury.

Synaptic transmission is based on the rapid exo-
cytosis of neurotransmitters from synaptic vesicles
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(Katz, 1969). The SNARE hypothesis states that each
class of transport vesicle contain a specific targeting
protein (v- or vesicle SNARE) that is capable of
associating only with a receptor protein (t- or target
SNARE) specific to the appropriate acceptor mem-
brane. The proteins hypothesized to serve as SNAREs
at the synapse include the synaptic vesicle protein
VAMP (vesicle-associated membrane protein, also
called synaptobrevin) (Trimble et al, 1988; Baumert
et al, 1989) and two plasma membrane proteins,
syntaxin (also HPC-1) (Bennet et al, 1992; Inoue et
al, 1992) and SNAP-25 (synapse-associated protein of
25 kDa) (Oyler et al, 1989). Syntaxin, SNAP-25 and
synaptobrevin form a trimeric complex referred to as
the core synaptic complex. The complex is very stable
(Hayashi et al, 1994) and it serves as a binding site
for N-ethylmaleimide-sensitive factor (NSF) and sol-
uble NSF-attachment protein (SNAP) which dissoci-
ate the complex by using energy from ATP hy-
drolysis (Hanson et al, 1992; Soller et al, 1993).
Synapsin 1, a vesicle protein, may be to regulate
vesicle availability, placing the liberation of vesicles
from the cytoskeleton more tightly under the control
of activated Ca’"-calmodulin-dependent (CaM) ki-
nase II. So critical synapsin 1 function occurs at a
step between docking and fusion (Hirokawa et al,
1989; Jessell & Kendal, 1993; Hicks et al, 1997).

Evidence has been found that anoxia/ischemia
causes the release of various neurotransmitters by a
Ca’"-dependent and a Ca’"-independent mechanism
(Drejer et al, 1985; Kauppinen et al, 1988; Ikeda et
al, 1989). But there is no information regarding
whether the release of monoamines is directly as-
sociated with synaptic vesicular proteins under is-
chemic conditions.

Therefore this study was aimed to clarify the
relationship between the release of 5-hydroxytrypta-
mine (5-HT) and synaptic vesicular protein under
glucose and oxygen deprivation in rat hippocampal
slices. Additionally, we tested that the release of
5-HT and expression of vesicular proteins were
mediated by the action of the glutamate receptor.

METHODS

Preparation and maintenance of rat hippocampal
slices

Male Sprague-Dawley rats (180~200 g) were

used. Rat was decapitated and its brain was rapidly
removed and dissected on ice (Paschen & Djuricic,
1995). Each hippocampus isolated from both sides of
the brain was sliced transversely at 400 xm with a
tissue slicer (Stoelting Co., Wood Dale, IL, USA) on
filter paper soaked in cold normal buffer (2~4°C,
95% 0,/5% CO»). The normal buffer solution con-
sisted of the following (mM): NaCl 124, KCl 4,
CaCl, 2, KH;PO4 1.25, NaHCOs3, 25, Glucose 10.
12.5 M Nialamide (Sigma Chemical Company, St.
Louis, MO, USA), monoamine oxidase inhibitor, was
supplemented to prevent metabolization of 5-HT.

Hippocampal slices were divided into four group:
slices in normal buffer, slices in glucosefoxygen de-
privated (GOD) buffer, slices in normal buffer with
DL-2-amino-5-phosphonovaleric acid (APV 30 uM,
Research Biochemical Incorporated, Natick, MA,
USA) and slices in GOD with APV,

Preparation of glucose and oxygen deprivation and
uptake of [H]5-HT

After preparation, hippocampal slices were trans-
ferred to warmed 8 ml normal buffer and slices were
allowed to recover from preparation stress for 30 min
in a shaking water bath. Temperature of buffer was
set to 37°C throughout the experiments. After 30
min-preincubation period, normal buffer was changed
to buffer with 0.1 uM [H]5-HT (74 pCi/8 ml,
Amersham pharmacia biotech, Uppsala, Sweden) and
slices were allowed to uptake [SH]S—HT in tissue
sufficiently for 30 min. And then, buffer with [3H]5—
HT was discarded and slices were washed with
normal buffer. Washed slices were randomly divided
into 4 vials with 2 ml buffer solution with zimelidine
(10 M, Research Biochemical Incorporated, Natick,
MA, USA), 5-HT reuptake inhibitor. Buffer solutions
were changed every 10 min during 120 min in-
cubation period. Glucosefoxygen deprivation (incuba-
tion of slices in glucose-free medium gassed with
95% Nuf5% CO-) was induced for 20 min at 50-min
incubation step. 10 ml mannitol (Sigma Chemical
Company, St. Louis, MO, USA) was added to glu-
cose/oxygen deprivated buffer instead of glucose for
maintaining of same osmolarity. 30 M APV, a
NMDA receptor antagonist, was administrated si-
multaneously with GOD for 20 min.
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Counting of radioactivity of [3H]5—HT release

500 g1 of medium drained from the vial every 10
min was mixed with 5 ml of liquid scintillation
cocktail (READY SAFE, Beckman Instruments INC,,
Fullerton, CA, USA). The radioreactivity of the mix-
ture was counted with a liquid scintillation counter
(Beckerman Instruments INC., Fullerton, CA, USA).
To measure the radioreactivity of ["H]5-HT left in the
hippocampal slices, the tissues were treated with 1 ml
of tissue solubilizer (Lumasolve, Lumac LSC, Gro-
ningen, Netherlands) and incubated for 60 min. Then
100 g1 of the completely solubilized sample was
mixed with 5 ml of liquid scintillation cocktail for
counting. Total radicactivity of [SH]S—HT was sum of
the radioactivity of ["H]5-HT released into the media
collected every 10 min from the given time fraction
to the end of the observation period and the radio-
reactivity of ['H]5-HT remaining in hippocampal
slices after 120-min observation period. All the results
of radioreactivity released into the media collected
during the given 10-min time fraction were expressed
as fractional release to total radioreactity. After
50-min period, the fraction release was stabilized and
then percent of the ["H}5-HT release at 50-min was
assigned as 100%.

Data were expressed as meantstandard error.
Statistical comparisons among multiple groups were
carried out using analysis of variances (ANOVA)
followed by Dunmett’s test.

Western blot analysis of synapsin 1, syntaxin, and
SNAP-25

Homogenates from hippocampal slices in each
group were analysed using gel electrophoresis (Pa-
tanow et al, 1997). Proteins (20 pg for synapsin 1,
5 pg for syntaxin and SNAP-25) were electro-
phoresed using 30% acrylamide gels/Bis solution
(Bio-Rad Laboratories, Hercules, CA, USA) and total
protein concentration was determined using the meth-
od of Bradford (1976). Proteins were transferred from
the gels to nitrocellulose (Amersham Pharmacia Bio-
tech, Uppsala, Sweden). After incubated overnight in
blocking solution (5% skim milk in tris buffered
saline, DIFCO Laboratoried, Detroit, MI, USA), blots
were allowed to react for 120 min with monoclonal
primary antibodies (used at dilution of 1:500) as
follows : synapsin 1 (Calbiochem, La Jolla, CA, USA),
syntaxin (Sigma Chemical Company, St. Louis, MO,

USA) and SNAP-25 (Calviochem, La Jolla, CA, USA).
Immunoblots were washed three times in Tween-Tris
buffered saline (Tris 20 mM, NaCl 500 mM, 0.05%
Tween-20), and then incubated for 60 min with
secondary antibodies (1 : 1000, anti-mouse IgG-POD,
Fab fragments, Boeringer mannheim, Basel, Switzer-
land). After washing with tris buffered saline (Tris 20
mM, NaCl 500 ml), protein bands were visualized
with Fuji medical X-ray film by Enhanced chemili-
minescence method (Amersham Life Science, Uppsala,
Sweden). Density of proteins on autoradiogram was
measured by densitometer. Proteins of slices in
normal buffer were assigned to 100%.

RESULTS
[HJ5-HT release in normal buffer

The hippocampal slices showed spontaneous 5-HT
release throughout the experiment. 5-HT release
decreased rapidly during the first 40 min, and then
a steady release of 5-HT was observed up to 120 min.
Therefore, 5-HT release at Sth 10-min period was
used as a control and the changes of 5-HT release
were expressed as percent values compared to the
controt (Fig, 1).
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Fig. 1. Effects of glucose/oxygen deprivation (GOD) and
DL-2-amino-5-phosphonovaleric acid (APV) on the spon-
taneous release of [3H]5—hydroxytryptamine (HT) in the
rat hippocamal slices. GOD was induced for 20 min by
changing glucose-free incubation mediumaerated with
95% N»/5% CO; gas. Values are mean=+ S.E. expressed
as percent of the [’HI5-HT release at 50 minutes, which
was assinged as 100%. *p<0.05 compared to control.
#%p < 0.05 compared to GOD with APV (Dunnett method
was used).
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Fig. 2. Expression of synapsin 1 in glucose/oxygen
deprived (GOD) rat hippocampal slices in the presence
and absence of DL-2-amino-5-phosphonovaleric acid (APV).
GOD was induced for 20 minutes by changing incubation
medium depleted glucose and aerated with 95% Ni/5%
CO, gas. Above: Representative Western blot analysis,
Below: Densitometric quantification.

[H]5-HT release in GOD

When exposed to GOD for 20 min from 5th 10
min-period, [‘H]5-HT release was beginning to
increase from 6th 10 min period and then showed
peak increase at 7th 10 min period. After changing
of normal buffer, [3H]5-HT release was not different
with control (Fig. 1).

[3H]5-HT release by APV

When treated with APV for 20 min from 5th
10-min period, [’H]5-HT release was not different
from control level (Fig. 1). When exposed to GOD
with APV for 20 min, [’H]5-HT release was partially
inhibited compared to [’H]5-HT release of GOD only
at 7th 10-min period, and then values returned ap-
proximately to control level.

Western blot analysis of synapsin 1, syntaxin and
SNAP-25

Amount of synapsin 1, which is a synaptic
vesicular protein, increased in GOD and this increase
was partially inhibited by APV (Fig. 2). But the
amounts of syntaxin and SNAP-25, which are plasma
membrane proteins, didn’t show differences ap-
parently between groups (Fig. 3, 4).
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Fig. 3. Expression of syntaxin in glucose/oxygen deprived
(GOD) rat hippocampal slices in the presence and
absence of DL-2-amino-5-phosphonovaleric acid (APV).
Other legends are the same as Fig. 2.
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Fig. 4. Expression of SNAP-25 in glucose/oxygen de-
prived (GOD) rat hippocampal slices in the presence and
absence of DL-2-amino-5-phosphonovaleric acid (APV).
Other legends are the same as Fig. 2.

DISCUSSION

Because the ischemia is defined as a reduction in
cerebral blood flow of sufficient severity to cause
metabolic deficits (Siesjo, 1984), it seems (to be) that
the condition of glucose and oxygen deprivation
(GOD) is close to the meaning of ischemia in vivo.

In this study, [SH]S-HT release markedly increased
by GOD and the increase of release was inhibited
partially by NMDA receptor antagonist, APV. This
indicates that activation of NMDA receptor may be
involved in the mechanism of [H]5-HT release
during ischemia. The relationship between 5-HT re-
lease and glutamate receptor has been shown by some
other reports. Ohta et al (1994) reported that presy-
naptic ionotropic glutamate receptors exist on 5-HT
terminals in the rat striatum and their subtypes
equally contributed to facilitating 5-HT release by
experiment of microdialysis in vivo. Fink et al (1995)
showed that activation of NMDA or non-NMDA
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receptors elicited a release of 5-HT in rat brain cortex
slices. So, uninhibited portion of 5-HT release in this
study may be related to activation of non-NMDA
receptor or Ca’' -independent release.

Our goal of the present study was to evaluate that
the release of [3H]5—HT during GOD was related to
synaptic vesicular protein. We have observed that
expression of synapsin 1 increased with GOD and the
increase was partially inhibited by APV but those of
syntaxin and SNAP-25 didn’t show apparent change.

Several studies show that neurotransmitter-related
proteins are increased after ischemia in vivo. In-
creased expression of synaptophysin in rat striatum
(Korematsu et al, 1993), SVP-38 (synapsin 1 and
synaptophysin) in gerbil forebrain (Miyazawa et al,
1995) and SNAP-25 in the hippocampus of gerbil
(Marti et al, 1998) after ischemia were showed by
immunoreactivity. But their reports provide only the
evidence of involvement of these proteins in tissue
injury after ischemia but did not mentioned the
relationship with release of neurotransmitter during
ischemia.

In this study, the pattern of change of synapsin 1
on GOD was similar to that of [3H]5-HT release.
Although exocytosis is inhibited after few minutes of
ischemia because synaptic vesicle release is calcium
and ATP dependent (Sanchez-Prieto & Gongalez,
1988; Nicholls, 1989), these results suggest that syn-
apsin 1 is involved in the release of neurotransmitter
during ischemia. Synapsin 1 is believed to regulate
the number of vesicles available for release by
reversibly anchoring them to the actin-based cyto-
skeletal matrix of the presynaptic nerve terminals
(Bahler et al, 1990; Lings et al, 1991; Greengard et
al, 1993). This vesicle-anchoring property is regulated
by the phosphorylation state of synapsin 1. The
interaction of synapsin 1 both with vesicles and with
actin are reduced upon its phosphorylation by CaM
kinase II (Schiebler et al, 1986; Bahler & Greengard,
1987). So apparent increase of synapsin 1 other than
syntaxin and SNAP-25 during GOD may be related
with activation of CaM kinase II by Ca’" influx. In
addition (to), the synapsin constitute a high percen-
tage of the synaptic vesicle membrane-bound protein
fraction so relatively large amount of synapsin 1 may
be an another factor.

Because the increased expression of synapsin 1 was
partially inhibited by APV in GOD, expression of
synapsin 1 may be regulated by NMDA receptor in
part. Fukunaga et al (1992) reported that glutamate

can activate CaM kinase II through the ionotrophic
NMDA receptor, which in turn increase the phos-
phorylation of microtuble-associated protein 2 and
synapsin 1. And Katchman & Hershkowitz (1997)
suggested that NMDA receptor-activated nitric oxide
(NO) production may enhance vesicular synaptic glu-
tamate rtelease, which would in turn contribute to
excitotoxicity during hypometabolic states.

Evidences have been found that ischemia causes
the release of various neurotransmitters by a Ca’"-
independent mechanism (Sanchez-Prieto & Gongalex,
1988; Ikeda et al, 1989). And several studies have
shown that the Ca2+—independent component of the
ischemia-induced release of neurotransmiters may be
due to the reversal of Na " -dependent neurotransmitter
carriers, as a result of the alteration in intracellular
ions occurting during ATP depletion (Erecinska &
Silver, 1994). So further investigation is required to
test which mechanism is related to the release of
neurotransmitter during ischemia by control of Ca*"
or CaM kinase Il

In summary, we showed that the release of
[’H]5-HT and the expression of synapsin 1 increased
significantly during GOD. These increases were
inhibited partially by an NMDA receptor antagonist,
so we suggested that the mechanism of [H]5-HT
release during GOD is associated with synapsin 1 via
activation of NMDA receptor in part.
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