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UNANED

nsalopnandn  Aeansfiviiazavegludninziaviadivdon Wuaumguesiiviossisnines
neialuau Sgvddudinsinuveseulsieang ¥ia 1A uay 2 fmsmenuinislinsalenin
3n wileahliAnnne hyperphosphorylation vedlusiu tau duwalvaninnassgaldoninudn lu
AmzusnagesluuedalasiauiunumdAylunsdaasunsruiunsasemnuiiveswaausyam Huld
IsvdoliidnsalemmdnyiliaruduazmaiFoudanaseaifieadesiunssuiumsdunsziisesluu
walpsiaureugaduszamslluuendanasiluavnvesnniznisgadeninud mAeilimsneina
yasnsmlemaanlngldieadusvamnziios H19-7 hippocampal Wndudensaleamadniinang
WutunaznansstuiieAnuenufuiiviewadimnzdewneds MTT assay AnwINSLanIeenes
synaptic genes A8735 real-time PCR kazfnw1USiau90alnsiaumeidd ELISA Nan1svaaiuandli
Wiuimstushensalemedniimnududugs (0.1 uaz 1 uM) Wunan 24 9l andnsnsiidinves
wadmzAsseseiifddgmeadfidefioutunduavay  uandevudensalonandnienuidudy
#1 (0.01 uM) SasmsiFinvearadimuibsananiiovduna 48 dalus TnefldSearesnmsidin
Uszanas 70 wavasiilue 120 Halue wenanniinisidnsalemadniluna 24 uaz 96 Falusaams
uansoenvesBu NR2 uay PSD-95 egsilfuddnmadfidefivuiungueuaumudiu waziduns
anaswuuTuiunen  nslinselemadndadunar 120 Hlus fuwnlduaaUSinavesealnuaui
dupreinnigadlszamnzdss H19-7 Mnuamvaaeseuiteiannsoagliin nssleaandn

{aAN15uAnIBBNYBY synaptic gene (NR2 Uag PSD-95) danaiflduiegtdesiuaiudiuagnisiseus;



Abstract

Okadaic acid (OA), a naturally occuring marine toxin, causes diarrhetic shellfish poison
(DSP) in human. OA is an inhibitor of protein phosphatase 1A and 2A. Previous study showed
that OA induced tau hyperphosphorylaton, leading to loss of learning and memory. Normally,
estrogen has an important role on an enhancement of memory formation. It is probable that
OA-induced memory loss may associate with estrogen synthesis in hippocampal neurons. By
using H19-7 hippocampal neuron, the effect of concentration and incubation time of OA on cell
viability was studied by MTT assay. The synaptic genes expression was study by real-time PCR.
The secretion of estrogen was measured by ELISA. The result showed that the incubation of OA
at high concentration (0.1 and 1 uM) for 24 h significant decreased the viability of cell
compared with the control. After 48 h treatment, 0.01 uM OA significantly decreased cell
viability. The decrease of cell viability is approximately 70% at 48h and remainstable until 120
h. Moreover, OA treatment decreased the expression of NR2 and PSD-95 genes at 24 and 92 h,
respectively. Finally, treatment of OA tented to decrease the estrogen secretion but was not
statistically significant. The present study concluded that OA decreased synaptic gene

expression, which may cause of memory loss.
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1. uni (Introduction)

1.1 Wenvasisasiiagiiginunnau

Y

naslen1A13n (okadaic acid) Aeansivudlousgludninsiauszniiuden 1Hud v U uas
vey fvemesnzia FUARINMSTfs Y war ves Auamiewadifulaluuaaianyiniiy
(toxicgenic dinoflagellate) L‘%’WIULLaﬂUazamanEﬂuimEJmiﬂwﬁ%lajLﬂué’ummwiaémaq wiilony
Sulszmuemansiaditlansivazauegluuiinamn - azfineimsfivanemnmziadsensiinutes
$un fwiivhliAntessas (diarrhetic shellfish poisoning) wenanniinsalemandndsiianauifidush
fudamavieureseulesivoarina wln wda 1 uay 2A FsusnAagihmhilevysleawineanann
Tusiu tau deun1ssusnisinuroneulsifadedemaly iRanmenafumeasianninUsnd
v99lUsAU tau (tau hyperphosphorylation) G?faLﬂuwmﬁamwﬁﬂﬁmﬁwu’iuauawmﬂﬂaaiiﬂé’aisziﬁma'%
uennifmuieuunsesnzaneadeuiiruduiuslnensatuiinuues tau
hyperphosphorylation flazaunelueadUszamdndae muideves Li uazaniz (2014) 99891431015
Tnsalemalng3sn1s microinjection aslufiauesdiu hippocampus VRWUNAGDINUI NUNARD]
ANNTUALNITIHUTANAINEIRINTIINTNARBUMIETT Morris water maze
uenNifmuindinsuanseenveslusiiu tau ignifumyweais (p-tau) sTuoehaiiioddamisada
deiflsuiungumuay wansliiiuinnsalenadniinamieniiliiAnn1g tau hyperphosphorylation
Fruhagduaimnddguesnmzanudndenlulsadaledses

JuiinsutuiesesluuealasauiidusnsinneadUsramdvlvuautaiunumddaluns
duaSunsyuIunIs synaptic plasticity wagnisasnsanudn  Wululdndeldinnsalemnidnenaasdl
unumiiefestunsdaanyiealnsiauveavaduszamduluuauia

1.2 aAnwddnuaziiunvasiym

Tutagtunsuilaremsnziaiduiden esanemismeiausznauludounaslusiu
Aunmgs WsAuanUamelauazesnsnziarisiasuainedanaiu wazaoaanau deeliindaneu

wardeNanasueas Wua1mstuRa I nsuliwaziduny Ny (Hou et al, 2012) 84lunindl 97mns

Ayvey o

nziadausznevlussasemsiiduuszlevidesnenieuinineg #53nfuf Aelewn-3 Fswuun Tu
Uameartnan wazlelefiuiiunnlunesvzia egrslsinmugtinisaivesnistasannisuiinaeims
mmﬁmqq?gu fidrdgloun anzermaduiivainnisuilaanesnsia 1y vesn1u NosuNay
MOULATY MOBUNNTH Veglad Rvluvesngiaiinaindlovesfuaveiadifalaluuanaianyin
AealU (toxicgenic dinoflagellate) Mé’qmﬂﬁuwamz@m%umiﬁwazazamiﬂuﬁa TnatAuliliunuts
1 ou ansudlazliifudunsiesones wiideauusmunesiiflansfivavauegluiinmun aufe
gn1sfiwanmes o1n1sfinuves Iéun AufivinliiAniieasas (diarrhetic shellfish poisoning : DSP) &9
Wnanansiiunsalen1n1dn (okadaic acid) wag alulw@anendu (dinophysis toxin)  (Blanco et al,,

2003)n3atemmdn uansiiazanelaluludu vilviku blood brain barrier Whgauesla



nsnlemndn fauautfidusmsudanmshaueseuleileara feuitedeuntidssnu
nsalepmdndudinsiauveneulvdwearung aiin 1 uaz 2A (Tapia et al, 1999)dwalfiinnns
WimgeamslwAlusiun (tau) Wneg1einUsng (tau hyperphospholylation) Felunnizusnd
U5 tau imihiinaadesnnlsitululasfiyaluwaddszam degniduvyeamadsliaunsaduiy
Lulasiiayald Wk tau  Favgeesnudiunsiunguinegnisluwaduseaiy Suni neurofibrillary
tangle Fadunedannetrmilsiinululsedalayes denalvidninnassgydeaiudnainnisvegey

$1835 Morris water maze (Kamat et al,, 2011) weogslsAnudanalnnsalanindnsanszuiunis

¥
SN v A 1

asmnudvengaaUszamsuluunudandsldinisfinen uenanddadinsnenuinnsansaleaindn
annsanszduwadlulasinde (Kamat et al, 2011) Fuduwadgiduiuvesszuuuszamarunans il
wadlulanndegnnszduanansiivaziinsnevausdlagnisanu3anames neurotrophic factor 1fisin1g
&4 inflammatory cytokines way n3zfunIsa¥aseyyadasy Snuidonountiiseauii nsalem
ANBALiLN1IUAY interleukin-6 Iﬂaﬂﬂiﬂizﬁuﬂizmumi acetylation ¥84 transcription factor ¥in
NFkappaB (Suuronen et al., 2006) Weog19l5NMUNANIINTIVBINTALEAIAIDNADNTNUTD AR
Usgamduluupnda daduwadudnvesnisadisnnudidlifsisau lnslanigeg1abanasdenis
Fuasgiiealnsiauluwadlszamdulduauta Faferdunalondnsenisasuiraazdiuiunes
synapse Weglun1izaunauazaiunsansedulminnszuiunis synaptic plasticity Foduniseiieg
ajqLﬁuﬁ%ﬁﬂmmaLLazﬂalﬂmaqﬂimiamm%mﬁiamzmumi synaptic plasticity Fadunalnndnueanis

afeanudtugadUszamaulduanla
1.3 InQUILaNALAZYRULIANITIVY
131 IngUizaeAvanuide

1. Anwnaunininlon1A1BnsonISLENEaNTRY  glutamate receptor lulwaa

Uszannzlass H19-7 hippocampal neuron

2. AN INAVDINTALBANNIDNABNISHANIDINVDY PSD-95 Tuigaaussamngiae

H19-7 hippocampal neuron

3. AN INAVDINTALEANNIDNABNTELATIEMBALASUlUAR UTE A MIINELA 8

H19-7 hippocampal neuron

4. AnvnaveInInlan1nBnAanNITELATIEY BDNF 21n@adinigiass microglia
1.3.2  Y2ULINU84lATINISIAY

nMyidetamualulasinsinsauaquNsAnyInavansaleaIndndenalnnisasng

AN luaaUszamsulvuanta way wadiniziass microglia



A5 ASUREN0952991ND IS NLLAaUNETNATUIINTLUIUNITASIAIUTININ RS

ADdUdINTEUIUNIT synaptic plasticity Laznsduasiziedlnsiauvessaalszamduly
wanda wayn199aNABNITAAN1IMAIYeY neurotrophic factor A1nwaatulasindetludaey

dunszuiunisasisanudnluian
NTAULUIAAYD9IATINISAY

WesnninlenndnaunsarudidaveslivasdanilenihiianeSanine1ag  wo
wanUszamlauddslidinmsfnwdwadenalnnisaieaud  fwnninalaenseazinlugnig

AUNUDITDAITTLIIUNTUSTNAVBE LA

1.5 Usglgwuniaadnazlasu
HaN153389nlATINITITe i b lanugiunsiasuilasvengaaussamauly
wandalunmegysuazidilugnisaunuislunistesiusnwsely

¥
s 6 I

Tneduniwemanuidelulasinisidetazifuimeunslunnsers Proceedings of
the Anatomy Association of Thailand Tu@@i38¢ The Effect of Okadaic Acid on the

Synthesis of Estrogen in Hippocampal neurons



2. WaLsa9

2.1 A5n15ALuN153Y
2.1.1 M51aBaaaNIZlass H19-7 hippocampal neuron

Mo uTadH19-7 hippocampal neuron(ATCC® Number; CRL—2526TM) Tu
Dulbecco’s modified Eagle’s medium (DMEM; Gibco, Carlsbad, CA, USA) ﬁﬂizﬂauﬁ’w
1.5 ¢/l sodium bicarbonate, 0.2 mg/ml G418,0.001 mg/ml puromycin (Sigma, St. Louis,
MO, USA) uaz10% fetal bovine serum (Gibco) lupoly-L-lysine-coated T-flask (Corning,
Coming, NY, USA)2u1n 25 cm’ lugtasadiefigumad 33°C uazanudaduco, 4 5%
melfanmzndounaremsidsusadiinamsausen s ius uwadinziEes H19-7
hippocampal. neuron (cell. proliferation) ﬂ’l'ﬁLG]iEJiJL‘(IaaLW’l Lammauﬂﬂﬁumiﬂﬂwn%
LaALNNE LaENH19 7 hippocampal neuron ﬁ]vamaaﬂma estrogen-free culture medium i
Usznaume 0.01%N2 supplement (Gibco) wag 10 ng/mlbasic fibroblast growth factor
(bFGF) (Sigma) Tu 6-well plate (Coming) luguasniofigumnfi 39 °C uaziazamdudy
O, 7t 5% @sluannsiiwadimizidss H19-7 hippocampal neurons QNN AUlALiNIg
LU?}IEJuLLIJaﬂgiJi'N (differentiation) na1etdu mature hippocampal neuron
2.1.2 Ms¥ansitinveswadizaes (MTT assay)

mMsiaesiiunsiiiinvesadinnziass #1833 MTT assay imdnnis Ao a1sazans
MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) (Sigma) %Qmﬂﬁﬁluﬁ
Mnddedluifundndingu (formazan crystal) luwadfiadin Inserfemsiuveseouled
Tululnpewese luraeiiwadnvazlianunsawdeudaisazats MTT 1§ 35nsmnaes Buan
TR CAPESR primary hippocampal neuron Tu 96-well plate (Coming) 14
ANLMLLULUSEIN 10,000 wad 6o 1 well a1ntuly nsalemndn (Sigma) Tiaansineiu
Lﬁ'amunmam culture media 99n LaA1AAME 0.01M phosphate buffer saline (PBS)
Aoufislumeansavans MTT Wunan 3 Felus antuvinisazane (solubilization) formazan
crystal 928 dimethyl  sulfoxide  (DMSO) LLa”aiiﬂU’B’mmmm@mﬂﬁuumﬁwLﬂ'%laﬂ
spectrophotometer ﬁmmm’m?{u 550 nm

2.1.3 Quantitative-real time PCR (qRT-PCR)

dimadmziaes Primary hippocampus neurons fildainnisnaassunatn RNA Tngld
RNeasy mini kit (Qiagen, Hilden, Germany) waiimaududuves RNA Tildeeinies
spectrophotometer ¥imsfuaaiotfuUiainmves RNA Tvidunnngy wdiudeunduly
Ju cONA dhawades thermocycle lagld high capacity cDNA reverse transcription kit
(Apply Biosystems, CA, USA) a1niuiiusiunuiiunazivisuifisunisuansoonvesdudmuie
iU 8U housekeeping (GAPDH) fewaded real-time  PCR (Applied biosystems) gl

TagMan® gene expression assay kit (Apply Biosystems) Fauszneude customized primer



design uaz DNA-probe ign@inaainaig FAMTM dye LagAuiMUIuIansianiaanvaddu

wWhuneeae3s threshold cycle (Ct method) Tagld SDS software v. 1. 4 (Apply Biosystems)

2.1.4 dlag (ELISA)

N5InANUSIIA local estrogen Tu culture media laegnindi593U estrogen
ELISA kit (R&D systems) agi3uainn1sgaeImisiasawadatiu 96-well plate @eiin13Anaain
A1y primary estrogen antibody %38 primary BDNF antibody 1luda ﬁ]’mﬁuﬂmwﬁqmﬁgﬁﬁaﬂ
3 a & X & Y v Y . ' a ' aa
Wuiaan 30 wil ndugeeImsiiesgaioentaiaenie washing buffer neunagldansiin
aaneieg HRP asldlusay well anntuvihliiianisildsudlaenisi@y chromogen substrate
aslulu well Yuliifunan 15 wid lundle arnduvinisugaufiserudainluinenuduues
ABLATRY spectrophotometer UAfilaluAIwIIMIUTUNYOS estrogen Tu culture media

lngSeuiguiuAnannsgIu (standard curve)

2.1.5 Femsusiliunauazn1sduaTzidays

[
(%

Toyanaunvzgnunauailudl means + SE AULANANNINERRVDIURYAARIYATL
nagoulag unpaired Student’s t-test AUUANANINIAUATRVRITOYANINNIIHDIYAILYN
NAADUAIEY one-way analysis of variance (ANOVA) with Turkey multiple comparison test
AMULANAIIN NN UATAYIMNNTNAFRUABINAY P < 0.05 Ussillunateyalag Graph-Pad

Prism 5.0



2.2 NaN1INNaaY

2.2.1 @AnvInaveenInlaa1n1dnman1suanIeanvas NR2 subunit 989 NMDA receptor

Tuwaauseammiziass 19-7 hippocampal

MNSANYINAYBINTALOAIAIBNADNITIEAIEBNYBIEY  NR2  subunit 489 NMDA
receptor fuluwaduszamdulduaudamnzidos fenninsuanceanvesdu NR2 subunit
Wingulstinwadusvamiinisulasuudasneldnsyuaunms late-long-term potentiation ¥83
nsvUIuNsadInNs Tnsnwadmneiassionselonadniinanududy 001 uM Wunan
ey @ 0 24 48 72 96 waz 120 Haluamudndu antuvinnnsada RNA nwadimiziaes
Wiothan@nwnisuanseenaesiiy NR2 subunit #7833 real-time PCR Han1sMnaasLandliiiu
1 (U 1) Msuanseenvesiiu Bu NR2 subunit anasedslitodufameadfvdsanniivihnig
Uusensalaaadnfiarududy 001 uM Wunan 26 Flus wezanasdudidudedes
aunsgitads 120 lue idledisutundy (0) wansveaesiiuanssdin nsnleaandndieniu

WUTU 0.01 uMEUEINITHERNIDBNUBIEE NR2 subunit WUUIUAULIAT

1.5-
<
pd
n'd
g
2 1.0-
Z
[ram
(= % sk
e
= ——EXE.
"q'_, 0.5 T kkk
> T k%%
T
) * % %
0’4
0.0

0 24 48 72 96 120
Okadaic acid (h)

UM 1 nsluansdnadiunisuaniaanyed NR2 subunit vaswadussamaulduaulanuueie

nsaleAImdn Mnad 0 24 48 72 96 way 120 1w

** P<0.005, *** P<0.001 (n=3)



2.2.2 ANYINAYRINTAIBAINIDINABNISHENIDBNYRYEUY PSD-95 lutgadussa1niniziass
H19-7 hippocampal

MmnsAnwINaYeInIalenInBnAenIsLanteandesdy  PSD-95 luwaausyamauly
wandamnzidns danniinsidsuulainisuanioenvasdy PSD-95 Ysdiwaduszamilnisuy
?{SuLLUaﬂ'gU'iNU?L’Jm postsynapse melanszuiuns synaptic plasticity YDINTLUIUNITATI
aws Tngvhnisuswadinnziasesensaloandnfiennududu 001 uM Wunaisistu Ao
0 24 48 72 96 waz 120 Hluamuadu ntavinnsain RNA Mnwadmeideaiiotin
Anwinsuanieenvesdy PSD-95 fe3s real-time PCR  wansveasakandliliiuininisan
dndrurasBu PSD-95 ndnUussnsaloanidnfienududy 0.01 uM WHunan 72 Falus
othaiidudfmeaifdlefisudunguaiugu (0) uazanawiigadl 120 Hilus Tuvazdinng
Wasuwaslutaana 24-48 dalas Liflenuusnissedfdleiouiunguniuay - 910
nanosianusoagUldhnmslinsalomadniunaiu (72 il vde 3 fw) Sudns
Funsevidu PSD-95 Fududnusidduesnszuiuns synaptic plasticity sideenana1alen

nstunsalemadniinaluduginszuaunis synaptic plasticity Lazn158519AUA

< 1.5-

=

T

0 T

2 1.0-

[7p)

o

S -
-

3 0.5- iy
©

o

© 0.0

0 24 48 72 96 120
Okadaic acid (h)

Ul 2 nsmluansdadiunisuansesnvesdy PSD-95 YeuwaRUsEAMINNLIAEY H19-7
hippocampal uumensalen1ndn Wuran 0 24 48 72 96 uag 120 Talua
** P<0.005, *** P<0.001 (n=3)



2.2.3. #AnwnavaInIatenIndnaanisawnsiziedlasauluadussammiziass H19-7
hippocampal neuron

FnsinumavesnIalemnBntensduassiealasauanzasueadUsyam
ELEEe H19-7 hippocampal neuniwadsensaleanadniienundudy 0.01 uM Hunan 24
48 72 96 w3 120 dalua MntugreaFsLTasuTInSinmesedlasaudedE ELISA KA
nsmaaeandliiiuin ndmnUnsadineiiesionsalemadndune 26 uay 48 Falug
U%mmaaimwulummilﬁmLezjaa“lajﬁmmLLmﬂGiNmaaaamﬂﬂfcjmmUQ:u R VRIETar
walnsiauadieavanawmidaninuudensaleradndunan 72 96 wag 120 Halua udeedlsh
pallaifinnuuansansadfdofieudunguaiuay (0)

154

-
o
1

T
_|

Secreted E2
(pg/mil)

0 24 48 72 96 120
Okadaic acid (h)

UM 3 naluanassinanealasiaulusmnsideusasvdinuuiiensalon1ndn wWuian 0
24 48 72 96 %30 120 Falus (n=3)



2.2.4 ANWYINAVBINTALBAIAIDNABNNSEWATIEH  BDNF  Tuwadussammwnziaes H19-7
hippocampal neuron

yhmsfinvinavesnaalenmdndentsduamesi  BDNF  ainimwidsaeaduszam
ELEEe H19-7 hippocampal Tneunigadsensalemnaniienundudy 0.01 uM Hunan 24
48 72 96 o 120 Halus IntiugrenAsueaduTInyIinaues BDNF #e35 ELISA nan1s
naaeaLandliiuin Ui BONF anasegsiifedidnvnaadfidefisufunguaunumdsan
vuwadimgidssiensalonndniduna 120 alus nmsneasstannsoasulfingelon
pBnéfudanisndsues BONF uuuiusuig

80-

N
T
_|

(pg/mli)
=

Secreted BDNF
N
<

1 I I I
0 24 48 72 96 120
Okadaic acid (h)
U 4 uansSinainisudeses BDNF anwaduszamiivhnsunzideslurasnansaiu fe 0 24 48

72 96 Wse 120 4lua

*P< 0.05 Wigufiunguaiuau (0) (n=3)
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2.2.5 uavaaianlun1suiunsalaninndnaan1sidinvaswaalniziags H19-7 hippocampal

Wednwmudufivrensalomeadndenisiiiinveagadinzidss H19-7 hippocampal
¥nstuwadmnziassdensalenadniteududy 001 uM Wunan 24 48 72 96 uie 120
Flus ntutluiansensinissontinvewadmneiassiieds MTT nanisvaasuansliiiuin
wdnUuwadsasionsalomadndunal 48 dalus  andesarnissestinvosead
wnzAssegiiiddymaifidedisuiungumuny (0) egslsimudefinnatlunamesdes

a

Javavn1ssentinvaradimziaedlianan agulain nsaleaadnviiisadansuuuliduiuna

1501
P
= 1004
2 T
'S kok ok sk KK
— -l- e
Q
© 504
X
0

0 24 48 72 96 120
Okadaic acid (h)

JUN 5 kanesauavyeIn1ssentinuataadinziteanuiniensalaa1ndniiainieiu Ae 0 24

48 72 96 50 120 Hla

* P<0.05, **P< 0.005 (n=3)
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2.2.6 NAYRIAMUIUTUVBINTALEANABNABNSUYINVDUYAALINIZLABY H19-7 hippocampal

Wiednwaudufivsensalomadndenisiiiinvengadmsidos H19-7 hippocampal ¥
MsULwadLasTensalemmdniinududusiiaty #e 0.001 0.01 0.1 %30 1 uM WHunan 48
Flus anduhluinnsensinssendinveseadinuideneds MTT wansneassuandiifiuinies
arN35RTInveTASINYIAanAmEIIINULAR I ABITInsaloAnBnTin ity 0.1 i 1
uM unan 48 dlas egiifuddymadfdlaisuiunguauay (0) uilunguillésunsaleninidad
arandudu 0.001 vde 0.01 Yorarnissentinveasadimzisdliunndsanngueuay aguld

ANMITUTY 0.1 waz 1 uM Tanuduiusomwadinizias

150-
Fy T
= 100+
5 N
1]
g ol
% skoskosk
© 50
o~
0

0 0.001001 01 1
Okadaic acid (uM)

JUN 6 uanideuazaIN1sTenTInveTaaLINIReIIUNmeNIAloA1ANBnTdA TNt sy
A 0.001 0.01 0.1 %59 1 uM

* P<0.05, ***P< 0.001 (n=3)
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3. aAUs18/293158d

3.1 Ugymuazauassalumsaniunig

ilesangunsaflumsvih western blot $13aursegaragurmItIsYoLLTLISITudosa
nIeassalunsAnwnsianseanveslusaulimung Tasuaulszsanudiuninarinlalunisdnuiug
Yesruluiiwroinsalen1ndnunu

3.2 3AUTIEHANIINAADY

miterdilldvhnsinunavesnsalemaidn  msvhouweasadUszamdvlduaula Tneld
wadwiaswin  H19-7  hippocampal %"’aLi‘JuL%aéLWWLgmﬁlﬁmﬂ%IiJLmuﬁaﬁummmmazﬁmi
BraldAnwunueadnsld primary hippocampal neuron §1wauunn deflddsereunthiuansld
Wiuda91 H19-7 hippocampal neuron fnauantfnanaiu primary hippocampal neuron R
ANENINTOTUNISAANTEUIUNIT  synaptic  plasticity  Hazamua@IusalunsduATIzigesiuu
LoalnIlau

ASTUIUNIS synaptic plasticity vesadUszamavldumudaiuiniulosandonisiasunla
'gﬂ'i'NLLazﬂ']'iLLamaaﬂ%m synaptic protein #8anaU receptor ﬁa&uj‘i_l?lf;m postsynaptic membrane
ﬁﬁﬂﬁfg oA glutamate receptor ﬁgﬂ%ﬁﬂ AMPA ez NMDA ﬂﬂiLﬁMﬂﬂiLLaﬂﬂaaﬂ%aﬂ AMPA receptor
{iNAnIANI9NILAUNTEUIUNTT  membrane insertion  laglisiaanisnisduasgsidulmiusagidla
Tuvaefinsiiiunsuancesnuas NMDA receptor tugesmsmsdaasziiulmidadunssuiunisves
svez late-LTP anmisneassessiseiuandiidiuinnsalemadnansysunisuansesnvesdu NR2
Fadu subunit wes  NMDA receptor Fauirzdeitedaensaiunsyuiums synaptic plasticity
uennisASeldeldimsAnuimaveinsalonmdnsensuanseenesdy PSD-95 Fanuiingn
Temmdndudinisuaneenvestu PSD-95 lngainnisnaaesrountiiisnenuiinsdudinisuansenn
99 PSD-95 #1638 SIRNA dwmalsidn inansgaydensiouiuarnsaiuniud fafuorsaguldingm
Tomndnilnadudsnisuanteanvesiiy PSD-95 FseraeddruriliAnnsagudeauduaznaidous
18 wivghslsimunalnnisiauresnsalenindndenistiudsnmsdaasizigu Psd-95 Addlinsuuy
Ri(a

Juiinsuiuiheesliuealasauiiduaseianeadussamduivuauiarhmidindnluns
AYANAATOINTZTUIUNS  synaptic plasticity Tululinsalidnnsalenindnansasiinananszuiunis
FuarzvoesluuedlnsiauaneadUsyamdvaluauda nnan1snaswedtasinsIdeiuandiiu
nslesunselemadnifunanniiuuniiufassudnsdunrsiseslusedlanauld  useeislsh
punuaniefanandiliianuddgneedda  Jeensasdeadungunisvaassiely  viFeliin
szppnamslinaalammdnuiiadimzdss nuitedannsazléi nselonnidndudanmsuansoon
489 NR2 subunit 83 NMDA receptor way PSD-95 wuuiuifuian Inenalnnsvheaudnsdesns

mMsenwmely
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4. dyuuaziauanue
A tianunsaguledn nsaleandnduginisianiaanyad NR2 subunit 989 NMDA receptor
WAy PSD-95 WUUIUAUNIAT TF991989NaMADNIEUIUNNSAS19ANNITaRTaaUssamaulukauta  we

ashql'ﬁﬁmmﬂalrmﬂiﬁwmsumﬂimiamméﬂé’qmé’aqmimiﬁﬂmm'alﬂ

5. HANARA
Tngaiunievewanuidelulasinisidedlainsanuimennsluinsas Proceedings of the
Anatomy Association of Thailand Tufiei309 The Effect of Okadaic Acid on the Synthesis of

Estrogen in Hippocampal neurons.

Chamniansawat S. The Effect of Okadaic Acid on the Synthesis of Estrogen in
Hippocampal neurons. Proceedings of the Anatomy Association of Thailand. 2014; 37: 86-87.
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Abstract

Okadaic acid (OA), the main representative diarrheic shellfish poisoning (DSP) toxin, is a specific
inhibitor of protein phosphatascs 1 and 2A. Memory impairment induced by intra-hippocampal injection of OA
has been reported. Estrogen synthesis in the hippocampus plays a role in the maintenance of lcarning and
mcmory. It is probably that OA-induced memory impairment is associated with the synthesis of the de novo
estrogen in hippocampal ncurons. Using ELISA technique, the result showed that OA tented to inhibit the
secretion of estrogen from hippocampal ncurons. In conclusion, the OA-induced memory impairment may be
resulted from the inhibition of cstrogen synthesis by hippocampal neuron. Findings contribute to understanding
condition accompanicd by memory deficits induced by OA administration.

Keyword: Estrogen, Hippocampal ncuron, Okadaic acid

Background

It has previously belicved that menopause is
" an important factor of memory deficits in age-
rclated ncurodegencrative  disorders  such  as
Alzheimer’s discase [1]. Consequently, cstrogen
replacement therapy (ERT) has become a common
treatment for reduce risks of ncurodegencrative
disorders and prevent memory impairments in
postmenopausal women [1]. However, because of
its detrimental side cffects, ERT has been limited
[2]. In addition to gonads, cstrogen also
synthesized de novo by hippocampal ncurons [3].
Hippocampal-derived estrogen has been showed to
be cssential for synaptic plasticity and memory
formation [3]. There is a growing body of clinical
cvidence which shows that women who are treated
with aromatasc inhibitors exhibits deficits in
learning and memory [4]. Recent  study
demonstrated that impairments of long-term
potentiation (LTP), loss of mushroom spincs, and
loss of spinc synapses, which arc possible
molccular mechanisms contributing to alterations
in learning and memory, in ovariectomized mice
treated with aromatasc inhibitor [4]. Morcover, my
previous study demonstrated the priming effect of
hippocampal-derived  cstrogen that helps  to
organize hippocampal necuron for a dramatic
stimulation of exogenous cstrogen [5].

Okadaic acid (OA) is a sclective and potent
inhibitor of serine/threonine phosphatases 1 and 2A
[6]. Previously, it has been shown that the activity
of protein phosphatase-2A (PP2A) is decreased in
the brains of AD patients [6]. Morcover, memory
impairment induced by intra-hippocampal injection
of OA has been reported but its mechanism is

(86]

unknown [6]. Thercfore, the present study aim to
demonstrate the effect of OA on the synthesis of de
novo hippocampal-derived estrogen, which may be
cxplored the underlying mechanism of OA-induced
memory impairment.

Materials and Methods

Primary hippocampal neuron culture

Primary hippocampal ncuron (Catalog Number
A10841-01) was cultured in ncurobasal medium
supplemented with B27, 5 ng/ml basic fibroblast
growth factors and sced on the glass cover slips
previously coated with polo-L-lysine. Hippocampal
ncurons were cultured in humidified atmosphere
with 5% CO, at 37 °C. After 24 h of co-culturing,
hippocampal ncuron was treated with 10 nM OA
and then incubated at 37 °C for to 120 h.

ELISA technique

Estrogen in the culture supernatants were
detected by an ELISA kit. Bricfly, culture medium
were pipetted into micro-assay well which had been
precoated with monoclonal antibody, followed by
incubation at 37°C for 30 min. And then washing
buffer will be added to wash an excess binding
before added HRP-conjugated reagent to cach well.
To develop the reaction, chromogen substrate will
be added and incubated at 37°C for 15 min in light
protection. The reaction were stopped by add 50 ml
stop solution into cach well. Absorbance will be
read at 540 nm on a microplate reader (Bio-Tek).
Samples were quantified by interpolation with
standard curve.
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Fig.1 OA inhibited the de novo hippocampal estrogen synthesis.
The released estrogen of OA incubation for 0, 24, 48, 72, 96, and 120 h in hippocampal ncuronal culturc
medium was demonstrated by ELISA technique. (n=3)

Result, Discussion and Conclusion

The present study aim to demonstrate whether
OA-induced memory impairment is acted through
hippocampal estrogen synthesis. To address this,
we demonstrated amount of sccreted cstrogen in
culture media of H19-7 hippocampal ncurons by
using ELISA technique. Time-course experiments
showed that the amount of cstrogen sccrction was
markedly decreased for 72 h of OA treatment in
culture of hippocampal ncurons. This effect of OA
is time-dependent manner. This result suggested
that OA inhibited the de novo hippocampal
estrogen synthesis, leading to memory impairment.
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