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ABSTRACT

Male Mongolian gerbils (60~80g) were given DL-difluoromethylornithine (DFMO; 250 mg/kg,
ip) and methylglyoxal bis(guanylhydrazone) (MGBG; 50 mg/k, ip), respectively, 1 h prior to tran-
sient (7 min) occlusion of bilateral common carotid arteries (OBC7) and a daily dose of one of
them for 6 days after recirculation, and the polyamine contents, activities of ornithine and S-
adenosylmethionine decarboxylases (ODC and SAM-DC), and light microscopic findings of the

hippocampus were evaluated.

The hippocampal putrescine (PT) levels of the control gerbils treated with saline (STGr), mark-
edly increased after OBC7, showing a peak level at 24 h after recirculation. The peak PT level
was reduced in DFMO treated gerbils (DTGr) and in MGBG treated gerbils (MTGr). And 7 days
after recirculation, the PT level of DTGr was decreased to about 75% of the PT level in the
sham operated group (nonTGr) and to about 55% of the STGr level, respectively. The hippocam-
pal spermidine (SD) level of STGr tended to decline, showing the lowest value at 8 h after recir-
culation. But the spermidine (SD) level of DTGr was somewhat higher at 8 h after OBC7 than
those of STGr and MTGr. The hippocampal spermine (SM) levels of all the experimental groups

were little changed for 7 days after OBC.

OBC7 markedly increased the hippocampal ODC activity, reaching a maximum (about 3 times
higher than preischemic level) at 8 h and rapidly recovered to the control value by 24 h in
STGr gerbils, and the OBC7-induced increase of ODC activity was significantly attenuated by
DFMO or MGBG treatment. Whereas OBC7 induced a rapid decrease of the hippocampal SAM-
DC activity follwed by gradual recovery to the preischemic level, and the decrease of the SAM-

DC activity was slightly attenuated by DFMO or MGBG treatment.

7 Days after OBC7 the histological finding of the hippocampal complex stained with cresyl vio-
let showed an extensive delayed neuronal damage in the CAl region and to a lesser extent, in
the dentate gyrus, sparing the CA3 region. And the neuronal death was aggrevated by DFMO but
significantly attenuated by MGBG. The immunochemical reactivity of hippocampus to anti-GFAP
antibody was significantly increased in the CA1l region and to a lesser extent, in the dentate
gyrus 7 days after OBC7, but was little changed in the CA3. And the increase of the anti-GFAP
immunoreactivity was moderately enhanced by DFMO and significantly suppressed by MGBG.

These results suggest that the polyamine metabolism may play a modulatory role in the ischemic

brain damage.
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INTRODUCTION

The mongolian gerbil has been extensively
used as a global brain ischemia model due to
its defect of vascular connections between the
carotid and basilar circulations (Levine and
Payan, 1966; Kahn, 1972). The occlusion of bila-
teral common carotid arteries for 7 min (OBC7)
in Mongolian gerbils resulted in the delayed
neuronal death (DND) of the hippocampus CAl
region, whereas the adjacent CA3 region and
the dentate gyrus were little affected (Kirino,
1982; Kirino and Sano, 1984). However, when
OBC was prolonged or combined with hyper-
glycemia, the neurons of the CA3 and dentate
gyrus regions were also destroyed (Kirino et al.,
1984; Smith et al., 1988).

This ischemia-induced DND of CAl neurons
has been ascribed to increase of hippocampal
glutamate release in response to ischemia (Be-
nveniste et al, 1989; Mitani et al, 1990) associated
with over-activation of postsynaptic N-methyl-
D-aspartate (NMDA) receptor (Gass et al., 1993).

Many studies revealed that a recognition site
for polyamines exists as part of the NMDA re-
ceptor: Ca*"-channel complex. The activation
of NMDA receptor has been known to be posi-
tively modulated by several endogenous sub-
stances, such as glycine and polyamines (pu-
trescine, PT; spermidine, SD; spermine, SM; etc)
(Lazarewicz et al, 1992; Nussenzveig et al., 1991;
Williams ef al.,, 1991; Araneda et al., 1993).

These polyamines play an important role in
cellular proliferation and differentiation (Milam
et al, 1989; Pegg, 1986) as well as biological res-
ponse to brain ischemia (Paschen, 1992; Paschem
et al., 1987; 1988a; 1988b; 1992). It is well known
that tissue ischemia and recirculation provoked
transient and rapid increases of ornithine decar-
boxyase (ODC) activity and polyamine levels.
Unlike the cerebral cortex, striatum, and thala-
mus not to be susceptible to ischemic tissue in-
jury, the PT content of the hippocampal CAl
region vulnerable to ischemic insults, were in-
creased and then kept up the plateau values
for 4 or more days after ischemia and recircu-
lation (Paschen, 1992; Paschem et al., 1987; 1992).

In an our study using a global ischemia

model of Mongolian gerbils, the PT levels of
the hippocampal microdialysates were rapidly
increased up to a plateau level by about 2
days, and then the plateau level was remained
for additional 2 or more days (Shin e al,
1994).

PT activated synaptosomal Ca**-influx (Ko-
mulainen and Bondy, 1987) and neuronal liber-
ation of excitatory amino acids (Reed and de
Belleroche, 1990), suggesting that PT might be a
putative neurotoxic substance (Paschen e dl,
1992). And the ischemia-induced PT increase in
the hippocampus seems to contribute to the de-
velopment of DND of CAl region (Paschen,
1992; Paschem et aol, 1987; 1992). Kindy ef al.
(1994) reported that DL-difluoromethylornithine
(DFMO), an irreversible ODC inhibitor (Seiler,
1987), blocked the ischemia-dependent DND in
the CAIl region.

In the present study, we examined the effects
of DFMO and methylglyoxal bis(guanylhydra-
zone) (MGBG), an inhibitor of S-adenosylme-
thionine decarboxylase (SAM-DC) and diamine
oxidase (DAO), on the OBC7-induced changes
of the hippocampal polyamine contents and
ODC and SAM-DC activities, refferring the
results to the histological findings of the hippo-
campus.

MATERIALS AND METHOD

Materials

1,8-Diaminooctane, 4-fluoro-3-nitrobenzotrifluo-
ride (FNBT), and dimethyl sulfoxide were: ob-
tained from Aldrich Chemical Co. (Milwaukee,
WI, USA). Histidine, sodium carbonate, pyridoxal
5-phosphate (PLP), dithiothreitol (DTT), DL-
ornithine, MGBG, potassium phosphate, putres-
cine, and S-adenosyl-L-methionine (SAM) were
obtained from Sigma Chemical Co. (St. Louis, MO,
USA). DFMO was kindly provided by Hoescht-
Marion-Roussel (Cincinnati, OH, USA). Other
chemicals were analytical or HPLC grade.

Animals and ischemia procedure

Male Mongolian gerbils (Meriones unguiculatus,
Harlan Sprague Dawley Inc, USA) weighing
from 60 to 80g were anesthetized with chloral
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hydrate (360 mg/kg, ip inj). Through a ventral
middle cervical incision, both common carotid
arteries were exposed and separated free of
surrounding soft tissues, and a 4-0 silk suture
was looped around each artery (Mitani and
Kataoka, 1991). The suture silks around the
two common carotid arteries were pulled by
10g weight to occlude the circulation (Suzuki
et al., 1983; Mitani et al., 1989). Following 7 min
of ischemia, the sutures were removed to allow
recirculation and the skin incision was sutured.
Sham operations in which both carotid arteries
were exposed but not occluded were conducted.
During operative procedures, the body tempera-
ture was maintained at 37°C by a electrically
feed-back controlled heating pad with monitoring
rectal temperature. After awakening, a gerbil
were placed to one cage in a room maintained
at constant temperature 30°C, under a daily
cycle of 12-h light;12-h dark and was allowed
access to food and water ad libitum.

Drug treatments and hippocampus sampling

DFMO and MGBG were dissolved in 0.9%
NaCl. Animals were given one dose of DFMO
(250 mg/kg/day) or MGBG (50 mg/kg/day) in-
traperitoneally 1 h prior to occlusion of bilateral
carotid arteries and then the same dose for the
following 6 days after recirculation. To estimate
the effects of each treatment on the OBC7-in-
duced changes of the hippocampal activities of
ODC and SAMDC, polyamine contents, and
histological findings, gerbils were decapitated at
L h,4 h,24 h, and 7 days after the last injection
of drugs or recirculation, and hippocampi were
extirpated

Polyamine assay

The hippocampi were weighed and homoge-
nized using a teflon glass homogenizer in 10
volumes of 0.4 M perchloric acid containing 2 mM
disodium EDTA and diaminooctane, 100ng as
an internal standard. Homogenates were centri-
fuged at 15000g for 10 min, and the obtained
supernatants were evaporated to dryness with a
Speed Vac Concentrator (Savant SVC 200H,
Farmingdale, USA). The dry residues obtained
were dissolved in 100 ul of 1 M sodium carbonate,
were mixed and reacted with 300 ul of FNBT

reagent (10 ul FNBT/ml dimethyl sulfoxide). The
polyamine derivatives were analyzed according
to the HPLC method formulated by Spragg and
Hutchings (1983). The FNBT reaction was allowed
to proceed at 60°C for 20 min. A mixture (40 ul)
of 1 M histidine in 1 M sodium carbonate was
added to stop the reaction and then the incuba-
tion continued for a further 5 min. After cooling
the mixture, the N-2’-nitro-4 -trifluoromethyl-
phenyl polyamine (NPT-polyamine) derivatives
were extracted twice with 2 ml of 2-methylbutane.
After centrifugation at 1,500g for 5 min, the
organic phase was evaporated to dryness, and
the residue was redissolved in 1ml of HPLC-
grade methanol. The 20 ul of the methanol
solution was applied on a reversed-phase HPLC
system equipped with an ERMA ODS 1161
column (3um: 6x100mm, Tokyo, Japan), and
the separation of NPT-polyamines was accom-
plished by an iso-cratic elution of acetonitrile-
water (80:20, v/v) mobile phase at the flow
rate of 1.2ml/min within 20 min. The A of
effluent was monitored by a UV/VIS spectro-

monitor (Knauer, Berlin, FRG) and a 2-channel
flat bed chart recorder (LKB 2210 potentiometric
recorder, Bromma, Sweden).

Assays of ODC and SAM-DC activities

The hippocampal tissues were homogenized
by using a teflon glass homogenizer in 3 vol-
umes of ice cold 30mM sodium phosphate
buffer (pH 7.1) containing 0.1 mM EDTA, 0.1
mM pyridoxal 5-phosphate (PLP), and 50mM
dithiothreitol (DTT). Homogenates were centri-
fuged at 105,000g for 60 min at 2°C, and the
supernatants were assayed for ODC activity ac-
cording to the procedure of Gaines et al. (1989)
by measuring the release of “CO:. from [1-*C]
ornithine (final concentration, 50uM; 5uCi/
umol). Forty microliters of tissue supernatant
was added to an Eppendorf microcentrifuge
tube containing 40 ul of incubation buffer (30
mM sodium phosphate, pH 7.1, 0.1mM PLP,
and 6.35mM DTT) and 20 ul of substrate (cold
DL-ornithine and 1 uCi of L-[1-“Clornithine).
The reaction solution was mixed lightly and
placed in a 20ml glass scintillation vial with a
polypropylene center well (Kontes Co., NJ, USA)
containing 200 ul of a trapping agent (Solvable™,
NEN, Boston, USA). The vial was closed with a
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silicone septum-lined plastic screw cap (Whea-
ton Scientific, USA). After 1 h incubation with
shaking at 37°C, the vials were removed and
placed in an ice-water bath. One hundred ul of
0.67 N HCl was injected by a syringe through
the septum into each Eppendorf tube. After a
second 1 h incubation of the vials with shaking
at room temperature, the caps were removed
from the scintillation vials, the Eppendorf tubes
were discarded, and 4ml of Atomlight (NEN,
Boston, USA) was added. The vials were recapped
and the radioactivity was counted by S-counter
(LKB 1214, Rackbeta). The protein concentration
of supernatants was determined by the method
of Peterson (1977). Results are expressed as
picomoles of "“CO, released per milligram of
protein for 1 h incubation at 37°C.

The activity of SAM decarboxylase (SAMDC)
was measured as outlined by Hietala er al.
(1983). The assay mixture (a total volume of
0.15ml) were constituted of 0.1 M potassium
phosphate (pH 74 at 20 ), 25mM putrescine,
0.16 mM SAM (1.07 mCi/mmol), 6.7mM DTT, 1
mM EDTA, and 0.1 ml of the 105,000g superna-
tant fraction . After 30 min incubation at 37°C,
the samples were processed as described above
for ODC measurement. Trichloroacetic acid was
added to SAM-DC blanks before starting the
reaction.

Cresyl violet staining

On the seventh day after the ischemic insult,
the animals were anesthetized with sodium pen-
tobarbital sodium (60 mg/kg, ip inj). Animals were
thoracotomized, and a cannula was inserted
into the ascending aorta. The animals were per-
fused with heparinized saline (2IU/0.9% saline
ml) and then with 10% formalin in 0.1 M phos-
phate buffer (pH 7.4). Two hours after perfu-
sion fixation, the brains were removed, divided
into coronal sections (about 0.5cm in thickness)
and kept in the same fixative overnight at 4°C.
After fixation, each tissue block was dehydrated
in ethanol and embedded in paraffin. Serial
coronal sections were cut at 6 um by a micro-
tome (AO 820 rotary microtome) and mounted
on gelatine-coated slides and were stained with
cresyl violet. Stained sections were examined
with a light microscope (Zeiss photomicroscope
I1I).

Immunochemical staining of GFAP

Immunostaining of GFAP was carried out ac-
cording to the procedure of DeArmond et al.
(1983), using the avidin-biotin-peroxidase sys-
tem obtained from Signer Laboratories, Inc.
(USA). Paraffin-embedded slices of 6 um thick-
ness were adhered to glass slides and dried for
2~16 hours at room temperature. Slices were
deparaffinized with xylene, ethanol, and 3% H:
0. in methanol, which blocks endogenous per-
oxidase. After all further steps, slices were
washed three times in phosphate-buffered saline
(PBS, pH 74), followed by incubation with 5%
normal serum of 10 mM PBS. The sections were
incubated with rat anti-GFAP antibody (diluted
to 1:200 with PBS), kept in a moist chamber
for 20 min, and then incubated with peroxidase
labelled ultrastreptavidin in 0.01 M PBS. Final-
ly, the slices were reacted with 2% 3-amino-9-
ethylcarbazole (AEC) and H,O: for color develop-
ment and then were counter-stained by hema-
toxylin. Negative controls were prepared by
substituting primary antibody with nonimmune
serum, and positive controls for GFAP by
staining of subpial and subependymal astrocytes
on the same tissue section.

Data analysis

The statistical significance of differences be-
tween the experimental groups was assessed by
two-tailed Student’s t-test. Significance was set
at p<0.05.

RESULT

Changes of hippocampal polyamines contents

The hippocampal contents (mean+SM) of pu-
trescine, spermidine. and spermine in untreated
gerbils were 139.3+7.4, 2613.3+460.1 and 1820.0
+1150ng/mg wet weight, respectively.

Putrescine (PT) content: The hippocampal PT
content of saline treated group (STGr) increased
gradually after 7 min occlusion of bilateral
carotid arteries (OBC7), reaching a peak level
(about 224% compared to the preischemic vatue)
at 24 h after OBC7 (p<0.05) and gradually
decreased down to 130% of the preischemic
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value in 7 days (Fig. 1). The animal group
treated with DFMO (DTGr) or MGBG (MTGr)
1 h prior to OBC7 did not show any significant
differences in the increase of the PT content
occurred for the first 8 h after OBC7, com-
pared to that of STGr. However, the peak PT
level appeared in STGr the at 24 h after OBC7
was reduced in DTGr by about 55% and in
MTGr by 32%, respectively (Fig. 1). The hippo-
campal PT content obtained 7 days after OBC7
was lowered in DTGr by about 25% but was
somewhat higher in MTGr, compared to the
preischemic control value (Fig. 2).

Spermidine (SD) content: The hippocampal
SD content of STGr tended to decline initially
down to 76% of the preischemic control value
at 8 h after OBC7, and then gradually recov-
ered by 7 days after OBC7. The SD content of
DTGr showed a initial rapid decrease of the
SD content but unlike in STGr, rather increased
up to 120% of the preischemic value at 24 h
after OBC7. However, the change of hippocampal
SD content in MTGr was little different from
that observed in STGr. The SD content mea-
sured 7 day after OBC7 were lowered by about
20% in both DTGr and MTGr, respectively,
compared to the preischemic value (Fig. 3).

500 -
- —@— Saline
400 A ~a— DFMO
—— MGBG

«O- Sham

:

g

Putrescine (ng/mg wet weight)

|

; ; é 24 168
Hours after recirculation
Fig. 1. Effects of DFMO and MGBG on the
change of hippocampal putrescine content
after transient occlusion of bilateral com-
mon caroiid arteries for 7 min.
*means p<0.05, compared to the data of

sham-operated group. Data indicate mean
+S.E..

Spermine (SM) content: The hippocampal SM
content of STGr was slightly decreased for the
initial 8 h after OBC7 and recovered to the
preischemic level by 7 day after recirculation.
The SM content of DTGr decreased by about
38% by 4 h after OBC7 and then returned to
the preischemic control value in 8 h after re-
circulation, whereas the SM content of MTGr
showed an initial increase to about 120% of the
preischemic value followed by rapid recovery
to. The SM contents of DTGr and MTGr mea-
sured 7 day after OBC7 were little different
from that of STGr (Fig. 4).

Changes of ODC and SAM-DC activities

ODC activity: The preischemic values (mean
+SM) of ODC and SAMDC activities in the
hippocampus of STGr were 143.3+16.0 and 549.6
+99.9 pmol “CO./mg protein, respec-tively. The
hippocampus ODC activity of STGr rapidly
increased to reach a peak value (about 240% of
the preischemic control value) at 8 h after
OBC7 (p<0.02) and then returned to the con-
trol value by 24 h (Fig. 5). And this ischemia-
induced increase of the hippocampus ODC
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¥ZZ3 DEMO
1 MGBG

400 4
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Putrescine Contents (ng/mg wet weight)

o

241

Hours after recirculation

Fig. 2. Effects of DFMO and MGBG on the
change of hippocampal putrescine content
24 h and 7 days after transient occlusion of
bilateral common carotid arteries for 7
min.
*means p<0.05, compared to the data of
sham-operated group. Data indicate mean
+S.E.
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Fig. 3. Effects of DFMO and MGBG on

Spermine (pg/mg wet weight)
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Hours after recirculation

the
change hippocampal spermidine content
after transient occlusion of bilateral com-
mon carotid arteries for 7 min.

*means p<0.05, compared to the data of
sham-operated group. Data indicate mean
+S.E.
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24 188

Hours after recirculation

Fig. 4. Effects of DFMO and MGBG on the

change hippocampal spermidine content
after transient occlusion of bilateral com-
mon carotid arteries for 7 min.

*means p<0.05, compared to the data of
sham-operated group. Data indicate mean
+S.E.

activity was significantly attenuated by MGBG
and was furthermore suppressed by DFMO.
There were no significant differences between
the ODC activity of STGR and that of either
DTGr or MTGr, if measured 7 day after OBC7
(Fig. 5).

ODC activity (pmol "COz/mg protein/h)

Fig.

SAMDC activity (pmol "“CO,/mg protein/h)

Fig. 6. Effects
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++Q-« Sham
250
200 1
150 { o I
1
100 4
50 4 vy T ]
0 48 24 168
Hours after recirculation
5. Effects of DFMO and MGBG on the

change hippocampal ODC activity after
transient occlusion of bilateral common
carotid arteries for 7 min.

*means p<0.05, compared to the data of
sham-operated group. Data indicate mean
+S.E.

~8— Saline
—&— DFMO
—e— MGBG
- -0+ Sham

1
24 168

0 4 8

Hours after recirculation

of DFMO and MGBG on the
change hippocampal SAMDC activity after
transient occlusion of bilateral common
carotid arteries for 7 min.

*means p<0.05, compared to the data of
sham-operated group. Data indicate mean
+S.E.

SAM-DC activity: The hippocampus SAM-DC
activity of STGr was rapidly decreased down
to about 45% of the preischemic control value
4 h after OBC7 and then was remained at the
same level for 24 h after recirculation, whereas
the lowered activity was gradually recovered to
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the preischemic level by 7 day after recircu-
lation. Meanwhile, the decrease of SAM-DC
activity was slightly attenuated by DFMO and
the recovery rate of the decreased activity was
rather attenuated by MGBG. But the SAM-DC
activity of the hippocampus was also decreased
even in the shame-operated animals by about

CAl

30% . And the SAM-DC activities of DTGr and
MTGr were not different from that observed in
the sham-operated group (Fig. 6).

Histological findings of hippocampus stained
with cresyl violet

In sham-operated gerbils, cell bodies of the

CA3 DG

Fig. 7. Light microscopic findings of the CAl, CA3 and dentate gyrus (DG) areas in the hippocampus
stained with cresyl violet on the 7th day after transient occlusion of bilateral common carotid
arteries for 7 min.

Treatment; A: sham; B: saline; C: DFMO; D: MGBG.
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CA1 pyramidal cells were closely packed in
the stratum pyramidale. The majority had
round nuclei surrounded by relatively scanty
cytoplasm. The hippocampus feature of STGr
visualized 7 day after OBC7, showed extensive
destruction of the pyramidal cells in the CAl
region. Most of CAl pyramidal cells appeared

the characteristic findings of cytolysis, and
some CAl pyramidal cells were slightly swollen.
These ischemia-induced neuronal damage were
aggrevated by DFMO, whereas MGBG tended
to protect the neurons of the CAl region from
ischemic insult (Fig. 7).

However, the CA3 region of the hippocampus

Fig. 8. Inmunohistochemistry for the glial fibrillary acidic protein( GFAP) of the CAl, CA3 and dentate
gyrus (DG) areas in the hippocampus on the 7th day after transient occlusion of bilateral common
carotid arteries for 7 min.

Treatments; A: sham; B: saline; C: DFMO; D: MGBG.
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was slightly affected after OBC7, whereas in
the dentate gyrus, some neurons were somewhat
shrinken and in addition, other neurons showed
even cytolytic features.These moderate neuronal
damage of the dentate gyrus appeared after
OBC7, was slightly aggravated by DFMO but
was significantly attenuated by MGBG (Fig. 7)

Immunocytochemical reactivity of hippocampus
to anti-GFAP antibody

The hippocampal immunoreactivity to anti-
GFAP antibody revealed a homogenous pattern
of astrocyte distribution in all hippocampal ar-
eas of sham-operated gerbils (Fig. 8). Seven
days after OBC7, the strong immunoreactivity
appeared in the CAl area and the dentate
gyrus (to a lesser extent) and distributed in the
striata oriens and radiatum; whereas little in-
crease of the immunoreactivity were observed
in the CA3 area. Particularly, the reactivities
observed in the CAIl area and the dentate
gyrus indicated a moderate hypertophic fea-
tures of astrocytes (Fig. 8). The OBC7-induced
increase of the anti-GFAP immunoreactivity in
the CAl and detate gyrus areas was markedly
enhanced by DFMO but was significantly atten-
vated by MGBG (Fig. 8).

DISCUSSION

The hippocampus, particlurly the CAl area,
has been known to be one of the most vulnera-
ble regions in brain ischemia (Kirino, 1982
Kirino and Sano, 1984). The ischemia-induced
delayed neuronal death (DND) of the CAl
neurons has been ascribed to over-activation of
postsynaptic NMDA receptors (Gass ef al., 1993)
through extracellular glutamate liberated during
brain ischemia (Benveniste et al., 1989; Mitani et
al, 1990). In this study using a global ischemia
model of transient (7 min) occlussion of bilateral
common carotid arteries (OBC7) in male Mon-
golian gerbils, the histological findings of the
hippocampus appeared the extensive neuronal
loss of the CA1 pyramidal cells and the moderate
neuronal loss of the dentate gyrus, while the
CA3 area was slghtly affected. These histological
findings in similar to those reported by Kirino

(1982) and Kirino and Sano (1984). And also,
like the hippocampal findings appeared by
cresyl violet staining, the hippocampal immuno-
reactivity to anti-GFAP antibody showed the
strong astrocyte reactivity and hypertrophic
feature in the CAl area and, to a lesser extent,
in the dentate gyrus, while the immunoreactivity
of the CA3 area was slghtly increased. Taken
together, these results demostrated that the neu-
ronal vulnerability of the hippocampal regions
to global brain ischemia is in susceptible order
of the CAl, the dentate gyrus, and finally the
CA3.

However, Mitani et al. (1992) reported that
there was no significant differences in the time-
course in glutamate release and in the extracel-
lular glutamate levels of between the CAl and
CA3 regions whereas the DND would be devel-
oped only in the field of CAl, suggesting that
the ability of glutamate to produce ischemic

damage is determined largely by other factors.

The activation of NMDA receptor has been
known to be positively modulated by polyamines
(Lazarewicz et al, 1992; Nussenzveig et al., 1991;
Williams et al., 1991; Araneda et al., 1993).

It has been known that polyamines play an
important role in biological responses to brain
ischemia (Paschen, 1992; Paschem et al, 1987;
1988a; 1988b; 1992). Interestingly, the PT con-
tents of the hippocampal CA1l region vulnerable
to ischemic insults, were increased to be kept
up the plateau level for 4 or more days after
recirculation, while unlike the CAl region, the
tissue PT concent was transiently increased in
the cerebral cortex, striatum, and thalamus not
to be susceptible to ischemic tissue injury
(Paschen, 1992; Paschem ef al., 1987; 1992). After
global brain ischemia of gerbils for 10 min, the
brain ODC mRNA levels were considerably in-
creased, peaking at about 4 h of recirculation
and then returned to control values by 12 h
after ischemia, and interestingly, the increase in
ODC mRNA levels was most prominent in the
hippocampus (Dempsey et al., 1991). Also, ODC
activity was markedly increased for 8 h after
brain ischemia and returned to the control
levels by 24 h (Paschen et al., 1987).

Therefore, this study was carried out to evalu-
ate the relationship between the changes of
brain polyamine metabolim and the DND of the
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hippocampus caused by global brain ischemia
in the male Mongolian gerbils. The hippocampal
activity of ODC, the primary rate-limiting enzyme
of polyamine synthesis, was markedly increased
by occlusion of bilateral common carotid arteries
for 7 min (OBC7) and then recovered to the
preischemic level by 24 h after recirculation.
On the other hand the hippocampal activity of
SAM-DC, the secondary rate-limiting enzyme of
polyamine synthesis, was reciprocally decreased
compared to that of ODC and was kept up the
decreased level for 24 h after recirculation. And
the OBC7-induced increase of hippocampal ODC
activity was significantly attenuated by DFMO
and MGBG, respectively, whereas the decrease
of hippocampal SAM-DC activity was little
affected by them. However, the hippocampal PT
content was markedly increased, reaching a
peak level at 24 h after CBC7 followed by recir-
culation and then gradually returned to the
preischemic level by 7 day after recirculation.
And the hippocampal PT increase was signifi-
cantly inhibited by DFMO and MGBG, res-
pectively, like the change of the hippocampal
ODC activity. But the hippocampal SD content
was moderately decreased by 4 h after OBC7
and remained for 24 h after recirculation. But
the hippocampal SM content was little changed

in response to OBC7. And DFMO and MGBG
did not significantly affect the hippocampal
contents of SD and SM, respectively.

The changes of the metabolic products of
SAM-DC, such as SD and SM, could be as-
cribed to the decrease of SAM-DC activity in
the hippocampus due to decrease of pyruvate,
the cofactor of SAM-DC and partly decrease of
S-adenosylmethionine, which were obligatorily
developed in ischemic condition. However, the
hippocampal features revealed by cresyl violet
staining and immunocytochemical staining to
GFAP 7 days after OBC7, demonstarated that
the vulnerality of hippocampal regions to glo-
bal brain ischemia is most prominent in the
CAl area and to a lesser extent, in the dentate
gyrus, but the CA3 region is relatively resistant
to ischemic insult. The ischemic neuronal dam-
age would be attenuated by MGBG, but could
be aggravated by DFMO, in contrast to the re-
port of Kindley et af (1994).

However, PT has been shown to activate

synaptosomal Ca**-influx (Komulainen and
Bondy, 1987) and neuronal liberation of excita-
tory amino acids (Reed and de Belleroche,
1990), and the ischemia-induced PT increase in
the hippocampus seems to contribute to the
development of DND of CAl region (Paschen,
1992; Paschem et al., 1987; 1992).

And although the delayed neuronal death in
the hippocampus after global brain ischemia
has been known to be modulated in part by
the ineraction of polyamines on the NMDA:Ca**-
channel complex or the other direct action of
polyamines on the hippocampal neurons. But,
taken together the results obtained in this
study and the evidences cited above, the effects
of DFMO and MGBG on the ischemic DND of
the hippocampus, particularly the CAl area,
may be associated with unkown actions of
them, such as intereference of agmatine synthesis
(Bey et al., 1987).
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