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Abstract: Aim To investigate glutamate-induced [ Ca’ " ], changes in cultured mat neonatal cortical
astrocytes after hypoxia/roxygenation, H, O, or high concentration of L-glutamate injury. In the
meantime, the effects of Gingko biloba extract ( GVE) were examined. M ethods [ Ca" ], changes in
astrocytes were monitored by laser scanning confocal microscopy with the Ca’ " sensitive fluorescent probe
fluo-3. Results After astrocytes were impaired by hypoxia/reoxygenation, H, O, (50 Mmol® L") orL-
glutamate (0.25 mmol® L"), the exogenous glutamate (27 Hmol* L") could not induce increase of
[ Ca " ], butdecrease by (3.3 *1.6) %, (81 E11)% and (81 £7) %, mrspectively. Pretreatment with
GbE (10 mg* L") could not improve injured astrocytic glutamate response. But after pretreatment with
GbE (100 mge L '), glutamate-induced [ Ca’ ], elevation of astrocytes after hypoxia/meoxygenation,
H, O, or high concentmtion of L-glutamate injury were (135 £98)%, (117 £93)% and (89 £36) %,
respectively. Nimodipine (1.6 mg* L'l) could also reverse the abnomal response of astrocytes after
different injury. Conclusion Hypoxia/reoxygenation, H, O, and high concentration of L-glutamate
impaired astrocytes’ response to exogenous L-glutamate, and then bidirectional communication between
astrocytes and neurons could not take place. GbE could improve the abnomal responses and maintain the
nomal function of astroglical network. These effects support that GPE has potential beneficial actions
against brain injuty.
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There is growing evidence indicating that M aterials and m ethods

astrocytes play more active roles in the central nervous
system in addition to the simple structural and trophic
support for neurons. Astrocytes possess receptors for
numerous transmitters such as
am inobutyric acid ( GABA), acetylcholine and so on,

and may respond to neuronal activity by elevating

glutamate, Y-

[ Ca" ], which can frequently propagate as waves
within the cytoplasm of individual astrocyte and am ong
cultures !

astrocytes may also signal to neurons.

adjacent  astrocytes in  confluent
Furthe more,
Stimuli that increase the [ Ca’~ ], in cultured astrocytes
cause a Ca ' -dependent rlease of glutamate from

astrocytes that can affect the [ Ca®" ], in adjacent

i

neurons ', The existence of signaling between
astrocytes and the ability of astrocytes to signal to
neurons suggest that astrocytes and neurons may
function as an interdependent network in which
bidirectional communication takes place and Ca
signaling is one of the major forms of communication
among them'' *'.

Ischem ia / repe rfusion markedly enhances
generation of intracellular oxygen free madicals and
extracellular glutamate concentration, impaiment of
of Ca’

induced high

m itochondrial function and dismuption

homeostasis. Ischem ia / repe rfusion
concentration of extracellular glutamate and oxygen free
radicals, such as superoxide, hydrogen peroxide and
peroxynitrite, have been implicated in the pathology of
Ginkgo biloba extract
(GbE) is a standardized m ixture of active substances,

including 24%
te ipenoids, obtained from green leaves of the G. biloba

several neurological disorders *! .
flavonoid glycosides and 6%

tree. Some evidence obtained from animal models
indicates that GbE (75 and 100 mg* kg '+ d*' forl0
days) can improve the recovery of postischem ic cardiac
function in rats and GbE can act as a free mnadical-
scavenger, a potent inhibitor of NO production, and an

', In the present

inhibitor of lipid pe roxidation' "
study, we tested whether hypoxia/roxygenation, H, O,
or high concentration L-glutamate affect glutamate-

induced [ Ca " ], cultured

i

elevation in cortical
astrocytes, and the effects of GPE were investigated in

the meantime.

Cell Cultures
newbom rats were prepared and maintained in culture

Astrocytes from the cortex of
as previously described’’. In brief, rapidly dissected
tissues were stripped from meninges and collected in
Hanks buffered salt solution ( HBSS). After trituration
with a fire-polished Pasteur pipette, the pellet was
digested with 0.125%
resulting cell suspension was resuspended in
Dulbecco's modified medium ( DMEM,
Gibco-BRL) supplemented with 10% fetal bovine
serum (5% CO,: 95% air, 37 C). After the bottom
cell (astrocyte) layer became confluent (7 - 9 days),

trypsin - for 10 min.  The

essential

microglial and oligodendroglial were mmoved by
shaking at 200 revolutions per minute for 18 hours.
Astrocytes were detached with trypsin and transferred
into 60 mm dishes. These first passage cultures became
confluent and were used for experiments after 6 or 7
days.

Hypoxia/ reoxygenation The experiments of
hypoxia/reoxygenation on astrocytes were performed
according to the procedures of Goldberg et al™,
Experimental cells in glucose-free Earle’s solution we re
placed in the chamber flushed continuously with m ixed
hypoxia gas (5% CO, + 95% N,)
When P,

observing the oxygen depletion indicators, this flushing

to remove O,.
in the chamber was below 0.1% by
was stopped. The hypoxia tratment consisted of
incubating the cells in airtight O, -deprived chamber at
37 C for 2 h.

opening the chamber and subjecting it to nomal

Reoxygenation was perfoomed by

atm ospheric conditions. The cells were then incubated
with fresh serum-free medium for24 h. During hypoxia
GbE (10 and 100 mg* L',
Corporation,

and reoxygenation,
Shanghai Phamaceuticals
China)

Phamaceuticals Corporation, Gemany) were added to

Xingling
and nimodipine (1.6 mg* L', Bayer
glucose-free Earle’ s solution and fresh semum-free
medium, rspectively.

Calcium measurements The ability of

glutamate to evoke intmcellular Ca’~ elevation in

astrocytes was monitored by laser scanning confocal
microscopy ( LSCM, Bio-Tek Meridian Instruments,
USA) with the Ca’’

sensitive fluorescent probe
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fluo-3'"'!. Cultures were washed twice with Mg~ -free
Earle’s solution and then incubated at37 C for45 min
with fluo3/AM (3 mge L'). Afer being washed
with Mg” -free Earle’s solution containing glycin for 3
times, the indicator was allowed to deesterify for 45
min. The astrocytes loaded with fluo-3 were transferred
to the stage of LSCM. The fluorescent intensity was
detected with 488 nm blue laser for excitation and 530
nm for emission at room temperature. The fluorescent
intensity was used to epresent[ Ca ], changes in the
After a 10 min stabilization period, the

cells were photographed to obtain baseline images.

astrocytes.

Then exogenous glutamate (27 Umol® L™') was added
and then serial images were taken in the same cells.
The values of glutamate-induced [ Ca’~ ], changes were
represented by the peak value of the curve.

Statistics
Statistical analyses were performed by f-test P value of

Data were expressed as x ts.

less than 0. 05 was considered statistically significant.

Results
1 Modifications in astrocyte morphology by
different injury

In nomal cultured conditions, astrocytes appeared
to be the typical star-shaped morphology and cells we re
most commonly found growing in clusters or small
groups. After impaired by hypoxia/reoxygenation, H, O,
(50 Hmol* L") orL-glutamate (0.25 mmols L '),
astrocytes couldn’ t connect with each other any more
and many cells in the body had been shown to exhibit
Pretreatment with GbE or

some of astrocytes recovered to nomal

unusual mormphologies.
nim odipine,
morphologies and could extend towards each other.

2 Effects of GbE on glutamate-induced [ Ca’" ],
changes in cultured cortical astrocytes injured by
H, O,

Experimental cells in semum-free medium were

1

H,0, for8 H'*'. GVE (10
and 100 mg* L") was added to serum-free medium at
tine. When a laser scanning confocal
( LSCM) used, the
glutamate-induced changes in [ Ca’ " ], of cultured mat

exposed to 50 Hmol* L~

the same

m icroscope was exogenous
cortical astrocytes were observed.

In nomal astrocytes, glutamate (27 Hmol® L")
was shown to increase [ Ca’ ' ], from the resting level
significantly ( P < 0.01 ). After astrocytes
incubated with H, O,, the exogenous glutamate could

not induce increase of [ Ca” ],, but a decrease of

were

that Prtreament with GbE (10 mge L '), 27
Wmols L' glitamate-induced [ ca’ ], was still
decreasing, but prtreatment with GbE ( 100
mg* L") or nimodipine (1.6 mg* L' ) could

reverse the abnomal response of astrocytes injured by
H, O, significantly ( P < 0.0l ) and ther was a
significant [ Ca’ ], elevation in injured astrocytes ( P
<0.05, Figure 1 and Table 1).
3 Effects of GbE on glutamate induced [ Ca* ],
changes in cultured cortical astrocytes injured by
L-glutamate

L-Glutamate ( 0.25 mmol* L'l) was added to
experimental cells in Mg " -free Earle’ s solution
containing glycin”’. After 20 min, the cells wer
incubated with fresh
During the courses, GbE (10 and 100 mg* L ') was
added to Mg’ " -free Earle’s solution and fresh semum-

serum-free medium for 24 h.

free medium, respectively.

The glutamate ( 27 Hmols L' )
caused a significant [ Ca’ " ],
astrocytes (P <0.01) and a [ Ca’ ], decrease in the
astrocytes injured by 0.25 mmols L' L-glitamate.
Pretreatment with GbE (10 mge L")

. o . ’
improve the injured astrocytes tresponse to exogenous

exogenous

elevation in nomal

could not

but there was a significant [ Ca’ ' ]

glutamate,

Table 1 Effects of GbE on 27 Mmol* L' glutamate induced [ Ca’* ], changes in cultured cortical

astrocytes injured by 50 lmol- L' H, O,

Pammeter Control H, O, Nim odipine GbE(100 mg* L") GVE(10 mg* L")
FI ( Before) 1.02 %0.04 1.00 £0.08 1.01 +0.05 1.07 £0.05 0.99 £0.05
FI ( After) 4.1 X1.0" " 0.18 *0.09" " 2.4%*1.0 2.3%1.0 0.4 *0. 4
Increasing percentage /% 308 112 - 81 F114° 133 £103°°44 117 o3~ 244 - 70 Fp12a 88

The fluorescent intensity ( FI) was used to represent [ ca’ ], changes. Before: The resting level of [ Ca

2+

li; Afer [Ca' ],

after

adding 27 Hmol* L glutamate. 7 =5 experiments, each experiment4 - 6 cells. x Xs. Experimental cells in serum-free medium

were exposed to 50 Hmole L'

[Ca2> ], changes were measured. " P<0.05, "
0.01 vs H,0,; ** P <0.01 vs GbE (100 mg* L")

H,0, for 8 h and GbE (10 and 100 mg* L") or nimodipine (1.6 mge* L") was added,
sepanately. The astrocytes were loaded with fluo-3 /AM (3 mge L') for45 min at37 C and 27 Umols L'
" P <0.01 vsbefore; ““ P <0.01 vs control (nomal cultured condition) , ** P <

glutamate induced
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A: Control; B: H, 0, (50 Hmol® L~ '); C: GbE (100 mg* L~ '); D: GbE (10 mg* L
Figure 1 Effects of GE on the [ ca’ ], elevated by exogenous L-glutamate (27 Hmol* L' ) in cultured cortical

: Experimental cells in semum-free medium were exposed to 50

astrocytes injured by 50 Hmol* L' H,0,.
Umols L' H,0, for8 h and GbE (10 and 100 mg* L") was added at the same time. After that the astrocytes
were loaded with fluo3/AM (3 mge L ') for 45 min at 37 'C. Glutamate (27 Hmol* L ') was shown to
increase [ Ca’ ' ], from the resting level significantly in nomal astrocytes ( control group, P <0.01) and decrease
[Cal2+ ], in H,O, (50 Emol* L"l) injured astrocytes. Glutamate-induced [ Ca’ ], was still decreasing in GbE
(10 mg* L") group, but there was a significant glutamate-induced [ Ca’~ ], elevation in GbE (100 mge L")

group ( P <0.01)

Table2 Effects of GbE on27 Fmol* L' glutamate induced [ Ca’* ], changes in cultured cortical
astrocytes injured by 0.25 mmol* L' L-glitamate

Pammeter Control L-glutamate Nim odipine GbE(100 mge* L-! ) GbE(10 mg* L! )
FI ( Before) 1.24 %0.18 1.00 0.04 1.02 %0.05 1.12%0.10 1.04 £0.03

FI (After) 4.4 %1.6" " 0.19 *0.08" * 2.2 %0.4 2.1 0.4 0.31 *0.15" "~
Increasing percentage /% 247 £95 - 81 742 115 2392444 89 H36° 444 - 70 k162288

], changes. Before: The resting level of [ ca’ ]i; After [ ca’ ], after

glutamate. 1 =4 experiments, each experiment 4 - 6 cells. x Ts. Experimental cells in Mg” -free Earle’s

The fluorescent intensity ( FI) was used to represent[ cd
adding 27 Umols L'
solution containing glycin were exposed to L-glutamate ( 0.25 mmols L") for 20 min and GbE (10 and 100 mg* L ') or
nimodipine (1.6 mg* L") was added, sepamtely. © P <0.05, *° P <0.01 vs before; ““ P <0.01 vs control ( nomal cultured
condition) ; “* P <0.01 vs L-glutamate; ** P <0.01 vs GbE (100 mg* L")

elevation after pretreatment with GbE (100 mge® L' )
or nimodipine (1.6 mg* L ') (P <0.05, Figure 2
and Table 2).
4 Effects of GbE and hypoxia/reoxygenation on
glutamate-induced [ Ca’* ], changes

When exogenous glutamate (27 Hmol® L' ) was
added, there was a significant decrease of [ Ca’ ], in
the astrocytes injured by hypoxia/reoxygenation ( P <

0.01). Prtratment with GVE (10 mge L"), there

was no significant [ Ca’ ], changes induced by
glutamate (27 Bmol* L") in injured astrocytes ( P >
0.05). Pretreatment with GVE (100 mge* L") or
nimodipine (1.6 mg* L"), astrocytic glutamate
response was improved and there was a significant
[Ca " ], elevation in injured astrocytes ( P < 0.01,

Figure 3 and Table 3).
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A: Control; B: L-Glutamate (0.25 mmol® L '); C: GWE (100 mg* L°'); D: GWE (10 mg* L")
Figure 2 Effects of GE on the [ ca’ ], elevated by exogenous L-glutamate (27 Hmol* L' ) in cultured cortical
astrocytes injured by 0.25 mmol* L' L-glutamate. Experimental cells in Mng-ere Earle’s solution containing
glycin were exposed to L-glutamate ( 0. 25 mmol* L' ) for20 min and GbE (10 and 100 mg* L' ) was added at
the same time. After that the astrocytes were loaded with fluo-3 /AM (3 mge L™') for45 min at37 C. Glutamate
(27 Pmol® L' ) was shown to increase [ Ca’ ], significantly in nomal astrocytes ( control group, P <0.01) and
decrease [ Cca’ ], in L-glutamate ( 0.25 mmol* L' ) injured astrocytes. Glutamate-induced [ Ca ' ], was still
decreasing in GE (10 mg* L") group, but there was a significant glutamate-induced [ Ca’ " ],

. elevation in GbE
(100 mg* L") group (P <0.01)

Table 3 Effects of GbE on 27 Mmol* L' glutamate induced [ Ca’* ], changes in cultured cortical
astrocytes injured by hypoxia/reoxygenation (H-R)

Parmameter Control H-R Nim odip ine GbE(100 mg* L") GbE(10 mg* L! )
FI ( Before) 1.2%0.4 1.02 +0.03 1.03 £0.03 1.00 £0.04 1.03 £0.05
FI ( After) 4.1 £0.8" " 0.99 £0.19 2.6 %1.17 2.4%1.0 1.1 %0.3
Increasing percentage /% 277 £107 -3.3%1.6%" 151 108444 135 tog~ 44 7 t3p00 88

The fluorescent intensity ( FI) was used to represent [ ca’

]; changes. Before: The resting level of [ ca’ ]i; After [Caz‘ ]; after
adding 27 Umol* L' glutamate. n =5 experiments, each experiment4 - 6 cells. x £s. Experimental cells in glucose-free Earle’s
solution were incurred hypoxia for 2 h and then roxygenation in fresh serum-free medium for 24 h. During hypoxia and
reoxygenation, GbE (10 and 100 mg* L") or nimodipine (1.6 mg* L') was added, sepamtely. =~ P <0.05, ~~ P <0.01 w5
before; “ P <0.05, ““ P <0.01 s control ( nomal cultured condition); “* P <0.01 vs H-R; ** P <0.01 vs GbE (100
mge L")

Discussion found that hypoxia/mroxygenation, 50 Hmols L'

The brain is particularly vulnerable to oxygen free H,0, or high concentration of L-glutamate ( 0.25
radicals, which have long been thought to be important mmol® L' ) impaired astrocytes response, and
mediators of brain damage rwlated to ischemia- extracellular physiological concentration of glutamate
reperfusion. The release of massive amounts of oxygen- could not induce intracellular Ca’  elevation in
free radicals during ischem ia-reperfusion can also astrocytes. Thapsigargin incubation, microinjection of

4]

accelerate glutamate release ' In our experiments we the Ca’ " chelator BAPTA, and photolysis of the Ca’
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A: Control; B: Hypoxia/mroxygenation; C: GbE (100 mge L™'); D: GBE (10 mg* L")
Figure 3 Effects of GbE on the [ Ca’ ], elevated by exogenous L-glutamate (27 Hmol® L") in cultured cortical

astrocytes injured by hypoxia/reoxygenation. Experimental cells in glucose-free Earle’ s solution wer incurred
hypoxia for2 h and then roxygenation in fresh serum-free medium for 24 h. During hypoxia and reoxygenation,
GbE (10 and100 mg* L") was added. After that the astrocytes were loaded with fluo-3 /AM (3 mg* L") for45
min at 37 C. Glutamate (27 Hmol* L") was shown to increase [ Ca |,

i

significantly in nomal astrocytes
( control group, P <0.01) and decrease [ Ca’ " ], in hypoxia/reoxygenation injured astrocytes. There was no

significant[ Ca’ " ],

elevation in GbE (100 mg* L") group ( P <0.01)

cage NP-EGTA demonstmate that an intracellular ca’

elevation in astrocytes is necessary to evoke glitamate

release and there is a dose-response wrelation between
2+

[ Ca ]

clevations and glutamate wlease ™'’!. So
Ca“-dependent glutamate release is rmeduced in
injury, and then

communication between astrocytes and neurons can not

astrocytes after bidirectional

take place. Demnged glia-to-neuron Ca ' and
glutamate signaling eventually leads to reduced viability
of the surrounding neurons and may contribute to the
secondary amplification of cell injury'®’. The possible
mechanisms that glutamate cann’ t induce intracellular
Ca’" elevation in astrocytes may be that hypoxia/
reoxygenation or incubation with H, O, and L-glutamate
cause a variety of dysfunction of astrocytes such as
inhibition  of m itochondrial

glutamate  uptake,

hype rpolarization, sarcoplasmic  reticulum  stores
damage or cell apoptosié”’m .
GbE contains

substances,

of active
It has been

two major groups
flavonoids and terpenoids.
reported that GPE can distinctly decrease the cerbrml

infarct size, improve the neurological deficits in rat

changes in GVE (10 mg® L") group, but there was a significant glutamate-induced [ Ca’ " ],

focal cerbral ischemic models and protect against
ischem ia-induced neuron death and reductions in

. . . 19,20
m itochondrial gene expressmn[ h

The antioxidant
activities and/or the peroxynitrite /hydroxyl radical
scavenging properties of GPE may be involved in its
neuroprotective actions and via their ability to inhibit
nitric oxide ( NO) synthesis and NO-stimulated PKC
activity "', In this study, pretratment with GbE
was shown to rverse the abnomal response to 27
Umols L
reoxygenation, H, O,

glutamate of astrocytes injured by hypoxia/
or high concentration of L-
glutamate. Nimodipine which protects the brain from
ischemic damage can also improve injured astrocytic
glutamate response. In ischemic penumbra, neurons
become highly vulnerable to sprading depression
waves in absence of nomal glia operation ”'. So the
recovery of astrocytes to response to 27 Hmol® L'
glutamate might facilitate the maintaining of astroglical
network and neurons functional recovery. These effects
of GbE support its potential beneficial actions against

oxidative stress induced bmin injury.
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