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Cerebellar granular cells harvested from 8-day-old rats were cultured in a basic medium of Eagle’s salt
(BME) containing 10% serum and 25 mM KCl. At 7 days in vitro (DIV), the culture medium was
switched to serum-free BME containing 5 mM KCl. Fluorescein diacetate/propidium iodide staining was
used to examine the neuronal survival. Phase-contrast microscopy and DNA fragmentation with agarose
gel were used for examination of apoptosis. A progressive neuronal death with nuclear condensation, ex-
tensive damage of the neuritis network, and DNA fragmentation were observed following a switch to 5
mM KCl BME. The neuronal survival was 64%, 48% and 30% at 24, 48 and 72 h following a switch to 5
mM KCl BME respectively.

An application of 0.05 mg/mL of Toki-Shakuyaku-San (TJ-23, a recipe of Japanese traditional medicine:
Kampo medicine) to 5 mM KCl BME at 7 DIV intervened in neuronal death. The neuronal survival was
74% at 24 (p< 0.05), 72% at 48 h (p< 0.001) and 67% at 72 h (p< 0.001) following a switch to 5 mM KCl
BME. An application of TJ-23 also intervened in nuclear condensation, DNA fragmentation, and damage of
the neuritis network caused by a switch to 5 mM KCl BME. This study provides information that switching
to 5 mM KCl BME from 25 m M KCl BME at 7 DIV causes apoptosis in the cultured cerebellar granule cells.
Moreover, TJ-23 intervenes in apoptosis induced by a switch to 5 mM KCl BME in cultured cerebellar
granule cells.# 1998 John Wiley & Sons, Ltd.
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There are two fundamental types of neuronal death:
apoptosis and necrosis. Necrosis is initiated by cell
membrane damage and it causes swelling of the cell
(Buja et al., 1993). The morphological changes of
apoptosis and characteristics of apoptosis have been well
described in cultured sympathetic neurons following
NGF deprivation (Edwardset al., 1991) and in cultured
cerebellar granule neurons after lowering potassium
chloride in the culture medium (D’Melloet al., 1993;
Yan et al., 1994). There are also a few examples of
neuronal apoptosisin vivo (Portera-Cailliauet al., 1995;
Wood et al., 1993). However, the mechanism of
apoptosis is still unclear. Apoptosis is believed to be
critical for normal neuronal development (Wyllieet al.,
1988), but there is increasing evidence that apoptosis may
be triggered pathologically in the adult brain and it may
be involved in non-physiological neuronal death (Martin
et al., 1994; Portera-Cailliauet al., 1995; Smaleet al.,
1995; Cotman and Anderson, 1995). Loss of fully

differentiated neurons should result in a critical loss of
neuronal function and creates such degenerative neuro-
logical diseases as dementia of the Alzheimer type
(DAT) (Zakeri and Lockshin, 1994; Martinet al., 1994;
Hagino et al., 1995; Linnik et al., 1993). Therefore,
medicines that intervene in apoptosis should be con-
sidered for the treatment of degenerative neurological
diseases such as DAT (Schehr, 1994; Hagino, 1996).

Toki-Shakuyaku-San (TJ-23, Tsumura & Co. Tokyo,
Japan) is a formula from the Kampo pharmacopoeia,
which contains dried powder extract of the six medicinal
plants: Paeony root 4.0 g; Atractylodes lancea rhizome
japonica 4.0 g; Alisma rhizome 4.0 g; Hoelen 4.0 g;
Cnidium rhizome 3.0 g; Angelica root 3.0 g. TJ-23 has
been widely used for amenorrhoea, infertility and
menopausal syndrome in China and Japan (Hagino,
1993). Recently, clinical application of TJ-23 to post-
menopausal women with DAT has been shown to
enhance their cognitive functions and to improve their
sleep disturbance (Mizushima, 1989; Kudo and Sugiura,
1992; Itakuraet al., 1992; Saito 1993; Fukushimaet al.,
1994; Inanagaet al., 1996). The results of clinical
investigation and our previous study (Zhang,et. al.,
1997) suggest that TJ-23 may intervene in apoptosis in
the brain cells in DAT patients and it may improve the
symptoms of DAT patients. Therefore, the study was
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designedto examine if TJ-23 intervenesin apoptosis
induced by a switch to 5 mM KCl BME in cultured
cerebellargranulecells.

MATERIAL AND METHODS

Primary neuron cultures. Cerebellargranulecellswere
prepared from 8-day postnatal Sprague-Dawleyrats
(CharlesRiver,USA) andculturedasdescribedby Gallo
etal. (1982).Two mL of thecell suspensionwasplatedin
a 35-mmtissueculturedishprecoatedwith poly-L-lysine
(10mg/mL) at a densityof 2.5� 106 cells/dishin basic
mediumof Eagle’ssalt (BME) containing10%fetal calf
serum, 2 mM glutamine, 50mg/mL gentamycin and
25mM KCl. Culturesweremaintainedat 37°C with 5%
CO2 in a humidified incubator. Cytosine arabinoside
(final concentration10mM) wasadded18h after plating
to arrestthegrowthof non-neuronalcells.

Treatment of cultures. Granulecells were cultured in
25mM KCl BME containing10% fetal calf serumfor 7
DIV with nochangeof incubationmedium.At 7 DIV the
incubationmediumwas switchedto serum-free25mM
KCl BME or serum-free5 mM KCl BME, with or without
testeddrugs.

Neurotoxicity and application of TJ-23. The neuro-
toxicity of TJ-23andeffective dosageof applicationof
TJ-23werediscussedin apreviouspublication(Zhanget
al. 1997):adriedpowderextractof Toki-Shakuyaku-San
(TJ-23wassuppliedby Tsumura& Co., Tokyo, Japan)
was dissolved in serum-free 5 mM KCl BME at a
concentrationof 10mg/mL, and centrifuged at 3000
rpm for 30min. The supernatantwas filtered using
0.22mm Corning filter units (New York, USA), and
appliedto theculturesat 7 DIV by dilution in 5 mM KCl
BME. Thefilteredsolutionwasappliedto theculturesat
7 DIV by diluting in thecorrespondingincubationbuffers
(5 mM KCl BME) at 0.5 or 0.05mg/mL. The neuronal
damagewas assayedwith fluoresceindiacetate(FDA)
and propidium iodide (PI) stains.The concentrationof
KCl in the supernatantof the waterextractof 0.05mg/
mL of TJ-23wasmeasuredandonly 0.05mM of KCl was
found in the solution. This would not alter the
concentrationof the5 mM KCl medium.

Neuronal survival. At 24,48and72h afterswitchingof
the incubationmedia, the morphologicalchangeswere
examined with phase-contrastmicroscopy, and the
neuronalsurvivalwasexaminedby fluoresceindiacetate
(FDA) and propidium iodine (PI) stain as describedby
Jonesand Senft (1985). Briefly, cultured cells were
stainedfor 3 min at 22°C with Locke’ssolutioncontain-
ing 15mg/mL of FDA and80mg/mL PI.Thestainedcells
were then immediately examined with a standard
epiilluminationfluorescencemicroscopy(Vanox,Olym-
pus; 450 excitation,520 barrier).FDA crossedthe cell
membranesandwashydrolysedby intracellularesterase
to produce green-yellow staining; PI interacted with
DNA to yield redfluorescence.Thesurvivingpercentage
wascalculatedby assessingthe ratio betweenthe FDA
and FDA plus PI staining in photomicrographs.More
than 500 cells were countedin eachphotomicrograph,
with threephotomicrographsfor eachsisterculture.The

photosof microscopystainedby FDA/PI werepresented
previously(Zhang,et al., 1997).

DNA fragmentation analysis.Cells were harvestedat
24,48and72h following aswitchto a testingincubation
media.ThegenomicDNA wasextractedasfollows: cells
(2.5� 106) were lysed in 1 mL of extraction buffer
[10 mM Tris (pH 8),100mM EDTA,0.5%sodiumdodecyl
sulphateand20mg/mL of RNaseA] for 1 h at 37°C and
incubatedfurther for 3 h at 50°C after the addition of
proteinaseK (100mg/mL). GenomicDNA wassequen-
tially extractedwith an equalvolumeof phenol(pH 8),
phenol/chloroform(1:1) and chloroform, precipitated
with ammonium acetate(7.5M; 0.5 vol) and ethanol
(100%; 2 vol), and recoveredby centrifugation.The
DNA was re-suspendedin 10mM Tris-HCl and 1 mM
EDTA and its concentrationwas determinedby UV
absorbancyat 260 and280nm. Equalamountsof DNA
were then loaded onto 1.2% agrose gel containing
ethidium bromide (0.5mg/mL). After electrophoresis,
DNA was visualized by ultraviolet illumination and
photographed.

Statistics. Valuesaremeans� SD from 3 to 4 separate
experiments;three or more disheswere used in each
experiment.The datawere comparedby Anova Fisher
test.

RESULTS

Neurotoxicity of fresh serum

Cerebellargranulecells culturedin a 25mM KCl BME
containing 10% fetal calf serum showed that
91%� 5.0%of neuronssurvivedat7 DIV. Thesurviving
cells gave bright green-yellow fluorescence (FAD
positive) with a rich network of neuritis againsta dark
backgroundphotos of microscopystainedby FDA/PI
were presentedpreviously (Zhanget al., 1997). Under
phase-contrastmicroscopy,thesecellswerehealthywith
round cell bodies, clear nucleus and strong neuritis
networks.When the culture mediumwasswitchedto a
fresh25mM KCl BME containinga10%fetal calf serum
at 7 DIV, a significantneuronaldeathwasobserved.The
neuronal survival was 64%� 2.6%, 59%� 2.5% and
55%� 3.0% at 24, 48 and72h following a switch to a
freshmediumwith 10%calf serumrespectively(Fig. 1),
however,no DNA fragmentationwas observed.When
the mediumwas switchedto a fresh serum-free25mM
KCl BME at 7 DIV, the neuronal survival was
89%� 4.3%, 89%� 4.1% and 88%� 3.1% at 24, 48
and72h following aswitchto afreshserum-freemedium
respectively(Fig. 1).

Therefore,cerebellargranulecells wereculturedin a
25mM KCl BME containing10% fetal calf serumfor 6
days and on the following day (7 DIV) the culture
mediumwasswitchedto a serum-freeBME to avoid the
neurotoxicityof freshserum.

Neuronal death following switch to 5 mM KCl BME
at 7 DIV

Figure 1 shows the time course of neuronal death
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Figure 1. Neuronal survival after the replacement of the incubation medium
at 7DIV. The replacement of the incubation medium with fresh 25 mM KCl
BME containing 10% fetal bovine serum caused a signi®cant neuronal loss.
Meanwhile, the replacement of the incubation medium with serum-free
25 mM KCl BME did not induce neuronal death. However, the replacement
of the incubation medium with serum-free 5 mM KCl BME caused a rapid
and progressive neuronal death (apoptosis). Data are mean� SD, four
dishes for each experiment, 3 to 4 separate experiments. Signi®cance was
examined using Anova Fisher test. * p< 0.05; ** p< 0.001 compared with
serum free 25 mM KCl BME control.

Figure 2. Neuronal survivals of either Toki-Shakuyaku-San(TJ-23) or
Actinomycin(AD) treated cultures after the replacement of the incubation
medium with serum-free 5 mM KCl BME. An application of 0.05 mg/mL of
TJ-23 inhibited the apopotosis induced by the replacement of the
incubation medium with serum-free 5 mM KCl BME signi®cantly. Mean-
while 10 mM of AD inhibited the neuronal death at 24 and 48 h following the
replacement of the incubation medium with serum-free 5 mM KCl BME.
However, a signi®cant neuronal death was observed at 72 h after cells
were exposed to 10 mM of AD. Data were mean� SD, four dishes for each
experiment, 3 to 4 separate experiments. Signi®cance was examined
using Anova Fisher test. * p< 0.05; ** p< 0.001 comparing with serum-
free 5 mM KCl BME control 2; # p< 0.05, ## p< 0.001 comparing with
serum-free 25 mM KCl BME control 1.
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following a switch to a serum-free5 mM KCl BME at 7
DIV. Theneuronalsurvivalwas64%� 1.8%(p< 0.05)
at 24h following a switch to a serum-free5 mM KCl
BME, andtheFDA positiveneuronswereshrunkenand
had lost the bright appearanceof illumination fluores-
cencemicroscopy.Vacuolesin theneurons,condensation
of nuclei and damageof the neuritis network were
observedby phase-contrastmicroscope.DNA fragments
were detectedclearly by agarosegel electrophoresisat
this time (Fig. 3: 25K to 5K 24 h). At 48h following a
switch to a 5 mM KCl BME, the neuronalsurvival was
48%� 3.8%(p< 0.001),andthenuclearcondensations
becameapparentanddamageto theneuritisnetworkwas
extensive.DNA fragmentationwasdetectedclearly(Fig.
3: 25K to 5K 48 h). At 72h following a switch to 5 mM
KCl BME, the neuronalsurvival wasonly 30%� 2.9%
(p< 0.001),andthesurvivingcellswerestainedweakly
with FDA. The neuritis network was damagedexten-
sively andDNA fragmentationbecameprominent(Fig.
3: 25K to 5K 72h).

Neuroprotective effectsof Toki-Shakuyaku-San(TJ-
23) on neuronal death following switch to 5 mM KCl
BME at 7 DIV

Figure2 showsthe time courseof neuronaldeathin the
cultured cells treated with 0.05mg/mL of TJ-23. An
applicationof 0.05mg/mL of TJ-23to serum-free5 mM
KCl BME at 7 DIV intervenedin the neuronaldeath:
neuronalsurvival was 74%� 3.5% (p< 0.01), 72%�

3.9% (p< 0.001),and 67%� 3.6% (p< 0.001) at 24,
48,and72h following aswitchto 5 mM KCl BME. There
were 52%� 4.5% surviving neuronsat 96h following
treatmentwith 0.05mg/mL TJ-23at 7 DIV.

TJ-23treatedcellswerehealthywith roundcell bodies
andshoweda bright FDA stainingwith a strongneuritis
network. TJ-23 also intervenedin DNA fragmentation
inducedby switchingthe mediumto a serum-free5 mM
KCl BME (Fig. 3: 25K to 5 K/0.05mg TJ-23).

Neuroprotective effectsof actinomycin D(AD) on
neuronal death following a switch to 5 mM KCl
BME at 7 DIV

Figure2 alsoshowsthetime courseof neuronaldeathof
culturedcerebellargranulecellstreatedwith 10mg/mL of
AD. An applicationof 10mg/mL of AD for the cultured
cerebellargranulecells following a switch to a serum-
free 5 mM KCl BME at 7 DIV intervenedin neuronal
deathfor 48h; the neuronalsurvival was 85%� 3.0%
(p< 0.001)and80%� 2.5%(p< 0.001)at 24 and48h
respectivelyfollowing a switch to 5 mM KCl BME. The
AD-treatedcellswerehealthywith roundcell bodiesand
showeda bright FDA staining with a strong neuritis
network. However, the AD-treated cells exhibited
neuronalswelling and extensivedamageof the neuritis
networkat 72h following a switch to 5 mM KCl BME.
Only 41%� 4.0%of theneuronssurvived(Fig. 2).

Moreover,theculturedcells treatedwith 10mg/mL of

Figure 3. Replacement of the incubation medium with serum-
free 5 mM KCl BME induced DNA fragmentation. Genomic
DNA was extracted 24, 48 and 72 h after the replacement of
the incubation medium and run on 1.2% agarose gel.

Figure 4. Both TJ-23 and AD intervened in DNA fragmenta-
tion induced by the replacement of the incubation medium
with serum-free 5 mM KCl BME signi®cantly. Genomic DNA
was extracted 72 h after the replacement of the incubation
medium and run on 1.2% agarose gel.
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AD at 7 DIV did not showthenuclearcondensationand
DNA fragmentationat24,48and72h following aswitch
to 5 mM KCl BME (Fig. 4: 25K to 5 K/10mg AD). All
theculturedcellsweredeadat96h following exposureto
10mg/mL of AD at 7 DIV.

DISCUSSION

Cerebellargranulecellswhichwereharvestedfrom early
postnatalratsgrewin aculturemediumcontainingserum
with elevatedlevelsof potassiumchloride(25mM KCl).
Thesecells differentiatedacquiring the morphological,
biochemicaland electrophysiologicalcharacteristicsof
mature neurons (Segal et al., 1992; Burgoyne and
Cambray-Deakin,1988;Kharlamovet al., 1995;Sham-
baughIII et al., 1994).In our study,it wasobservedthat
the cultured cerebellargranule cells becamematured
neuronsat 7 DIV in 25mM KCl BME with 10% calf
serum,however,neuronaldeathoccurredprogressively;
showing nuclear condensation,extensive damage of
neuritis networksand DNA fragmentationfollowing a
switchto a serum-free5 mM KCl BME from 25mM KCl
BME at 7 DIV (Figs 1, 3). DNA fragmentationwas
clearlyobservedat8 h following aswitchto aserum-free
5 mM KCl BME, eventhoughtheneuronalsurvivalrates
(FDA positive neurons)were 85%� 4.6% at that time
(datanotshown).At 24h following aswitchto 5 mM KCl
BME, 64% of the neurons survived (FDA positive
neurons)(Fig. 2), but the DNA fragmentationbecame
prominent (Fig. 3). These data demonstratethat the
cleavageof DNA into oligonucleosomal sizefragmenta-
tion wasanearlyeventin thedeathprocessesof neurons
following a switch to a serum-free5 mM KCl BME and
appearsprior to nuclearcondensation.It is concludedthat
a switch to 5 mM KCl BME from 25mM KCl BME
during the culture induced apoptosisin the cerebellar
granulecells.

Our resultsagreewith theresultsof otherinvestigators
(D’Mello et al., 1993;Yan et al., 1994)confirmingthat
cultured cerebellar granule cells in low potassium
chloride were a suitableneuronalmodel for a study of
the therapeuticefficacy of agentsfor intervention in
apoptosis.Therefore,we usedthis model to study the
therapeuticefficacyof TJ-23 for treatmentof apoptosis
following a switchto a serum-free5 mM KCl BME from
25mM KCl BME with 10%of calf serumin thecultured
cerebellargranulecells at 7 DIV. It was observedthat
treatmentwith 0.05mg/mL of TJ-23at7 DIV intervened
in theneuronaldeathanddamageof theneuritisnetwork
following a switch to 5 mM KCl BME from 25mM KCl
BME with 10% calf serum in the cultured cerebellar
granulecells(Fig. 2). Moreover,treatmentwith 0.05mg/
mL of TJ-23 also intervened in DNA fragmentation
causedby a switch to a serum-free5 mM KCl in the
culturedcerebellargranulecells (Fig. 4). The effective
dosageof TJ-23wasdiscussedin a previouspublication
(Zhangetal., 1997):A doseof 0.05mg/mLof TJ-23was
chosenfor useastheplateaudosewith 0.05–0.5mg/mL
causingthesameeffect.

It is possiblethat treatmentwith TJ-23may intervene
in apoptosisby way of the inhibition of ‘killer gene’
transcription.In order to examinethis working hypoth-
esis, the cultured cerebellargranulecells were treated
with 10mg/mL of actinomycinD(AD) after the culture

mediumwasswitchedto 5 mM KCl BME at7 DIV. It was
found that an application of 10mg/mL of AD to the
culturedcerebellargranulecells intervenedin neuronal
death, the damageof the neuritis network, and DNA
fragmentationat 24 and48h following a switchto 5 mM
KCl BME (Figs2, 4). Fromtheobservationmadein this
study,it seemslikely thataswitchto 5 mM KCl BME at7
DIV may facilitate macromoleculesynthesis(Martin et
al., 1988; Villa et al., 1994) and thus may induce
apoptosisin culturedcerebellargranulecells. However,
we observed60%neuronaldeathat 72h aftercerebellar
granulecells wereexposedto 10mg/mL of AD (Figs 2,
3), andfurther, thosecellsshowedextensiveswellingof
thecell bodyandlossof theneuritisnetwork.However,
thesecells did not show the nuclearcondensationand
DNA fragmentation (Fig. 4). Treatment with AD
intervenedin apoptosisof cultured cerebellargranule
cells up to 48h following a switch to a serum-free5mM
KCl BME, however,60%of culturedcellsdemonstrated
neuronaldeathat 72h after treatmentwith AD. More-
over,all cells weredeadat 96h after cerebellargranule
cells were exposedto 10mg/mL of AD. These data
provide information that the neuronaldeathof cultured
cerebellargranulecells at 72h after exposureto 10mg/
mL AD wasnecrosisandnot apoptosis.It may well be
that AD would intervene in apoptosis by way of
inhibition of ‘killer gene’ transcription,but AD would
also inhibit the synthesisof RNAs and the follow-
ing protein synthesiswhich are essentialfor neuron
survival.

Thesurvivalof cellswhichweretreatedwith 0.05mg/
mL of TJ-23waslessthanthatof cellswhichweretreated
with 10mg/mL of AD at 24h following aswitchto 5 mM
KCl BME, but therewasno significantdifferencein the
survival ratesof cellswhich weretreatedwith eitherTJ-
23 or AD at 48h following a switch to 5 mM KCl BME.
However,differencesin the survival ratesof cells were
foundat 72h following a switchto 5 mM KCl BME; AD
treatedcellsunderwentnecrosisandonly 41%of thecells
survived,but TJ-23 treatedcells remainedhealthyand
67%of thecellssurvived.Moreover,noneuronsurvived
at 96h after cells were treatedwith 10mg/mL of AD,
however,morethan50%of neuronssurvivedat96h after
cellsweretreatedwith 0.05mg/mL of TJ-23in a serum-
free 5 mM KCl BME. From observationmade in this
study, it seemsunlikely that TJ-23 acts like AD in
blocking production of killer gene transcription to
intervenein apoptosisof neurons.

Therefore,anotherpossibleexplanationfor the inter-
ventionof TJ-23in apoptosismaybeconsidered.Specific
neurotrophicfactors,suchasnervegrowth factor (NGF)
andbrain-derivedneurotrophicfactor(BDGF)which are
generatedby treatmentwith TJ-23 may intervene in
apoptosiscausedby a switch to serum-free5 mM KCl
BME in the cultured cerebellar granule cells. NGF
deprivation causesapoptosisin cultured sympathetic
neuronsand a high concentrationof KCl preventsit
(Edwards et al., 1991). Moreover, NGF and BDGF
intervenein apoptosisinducedby lowering potassium
chloridein theculturedcerebellargranulecells(D’Mello
et al., 1993;Kubo et al., 1995).Theneurotrophicfactors
and high potassiumencouragingneuronalsurvival are
thought to increasethe concentrationof intracellular
calcium(Dowd, 1995;Galli et al., 1995;De Bernardiet
al., 1996;Engelet al., 1994;Berningeret al., 1993).The
proliferation of neuronsand the expressionof c-fos
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oncogeneproteinneedan influx of calcium(Bartheland
Loeffer, 1995; Lerea et al., 1992) and a sustained
increase of steady-statefree calcium concentration
blocksneuronalapoptosis(FranklinandJohnson,1994).

Treatment with TJ-23 facilitates the activity of
nicotine acetylcholine receptors (Hagino, 1990) and
increasesintracellular calcium concentrationsin the
cultured PC12 cells (Hagino, 1996). Our recent study
(Hagino, 1996, Zhang,et al., 1996) showedthat when
cerebellargranulecells were cultured in a 25mM KCl
BME containing 10% serum from the beginning, the
neuronsurvival was 89% at 8 DIV. The c-fos protein
production, an oncogeneprotein, was detectedwith
Westernblotting andtherewasno DNA fragmentation.
However,whencerebellargranularcellswereculturedin
5 mM KCl BME containing 10% serum from the
beginning,the neuronsurvival wasonly 28% at 8 DIV.
There was no c-fos protein production and DNA
fragmentationwas observed.Addition of 0.05mg/mL
of TJ-23to 5 mM KCl BME containing10% serumat 2
DIV, resultedin 65% of neuronsalive at 8 DIV. c-fos
proteinproductionwasdetectedandtherewasno DNA
fragmentation.Moreover,we observedthat addition of
10mM of MK-801, a blocker of N-methy-D-aspartate
receptorswhich blockscalciumflux, at 2 DIV inhibited
the anti-apoptosiseffect of TJ-23 in the cerebellar

granulecellsculturedin 5 mM KCl BME; treatmentwith
TJ-23 in the cerebellargranulecells cultured in 5 mM
KCl produced the c-fos transcriptional proteins and
intervenedin DNA fragmentation.However, an addi-
tional treatmentof MK-801 togetherwith TJ-23at2 DIV
blocked the production of c-fos proteins and brought
about DNA fragmentationat 8 DIV. It is inferred,
therefore, that addition of TJ-23 facilitates calcium
mobilization in the cerebellargranulecells cultured in
5 mM KCl BME andit intervenesin apoptosis.

In summary,a switch to serum-free5 mM KCl BME
from 25mM KCl BME with 10% calf serumat 7 DIV
inducesapoptosisin cultured cerebellargranule cells.
Treatmentwith TJ-23at 7 DIV intervenesin apoptosis,
however,themodeof actionof TJ-23for interventionin
apoptosisdiffers from that of AD.
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