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The Role of Hippocampal Estrogen and Gonadal Estrogen on Hippocampal Neuronal Functions
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Abstract

Estrogen is-a group of ‘steroid hormones which is mainly synthesized in the gonad and reaches its target
organs via blood-circulation. It plays an important role in several body systems including nervous system, such as
neuroprotection.and memory function. In addition to gonadal estrogen, the localization of endogenous estrogen has
been clearly shown in hippocampus. Hippocampal estrogen has a direct effect on hippocampal neuronal functions.
In addition, hippocampal neuron can not respond to gonadal estrogen when hippocampal estrogen is not present.
Therefore, hippocampal estrogen may exist to prime hippocamapal neurons for further activation by systemic estrogen.
This article indicates the interactive action of hippocampal estrogen on gonadal estrogen effects on hippocampal

neurons in an in vitro study.
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unin
walnsiau (estrogen) (Wunquuesaifivsesdgesluuy
ﬁﬁqwéﬂﬂﬂamaéﬂﬁzmw (McEwen & Alves, 1999) nsz6u
LAYELATUNTEUIUNITAT19IAINNTY (Chamniansawat &
Chongthammakun, 2010) 914338 TUIULINTINGILUFAN Y
wagaunealasuiiei luldlunstestuuazsnuilsa
neszuuUsyam wu lsmdaluues uazlsanisaudu Dudu
(Vegeto et al., 2008; Purohit & Reed, 2002) Im'wmamgwé
walasiaudlngjgnaiiaaindenmanoundsdignssua
\don (gonadal estrogen) tilelumununsviauvessad
1w (Fang et al., 2001) yonaniifiliealnsauuisaiu
ﬁgﬂﬁ%ﬁqﬁumleuLsaaéLﬁwwmwa (endogenous estrogen)
LﬁamuqumﬁﬁwmﬁuaqLsuaa‘ﬁ?us] pgeTIEIaziiny
ﬂ"%wwmmqqﬂ (Purohit & Reed, 2002) wu oalasiaud
gnasienieluwaduszaimussauesdiudulvunuda
(hippocampal estrogen) LazdidnsnalasnsInanTzUAUNT
synaptic plasticity udunalandnvesnisadianaius
Fadunsvihaureswaduszamdvldudndasoiiesdu
dasza1n gonadal estrogen Waluaaluasslsanissyuy
Usvamsingg dnidatuiung s fonuausysuioudad
596U gonadal estrogen Fateenan wandliifiudamudy
gonadal estrogen faasiiunumdAysomaduszamauly
wandla Fuduivaulainlaswiadaudanisyautensad
Uszamsuluumuladutuiuiealnswuanuaddndud ey
wazdinalnmssengviedidls Tasuyaauiazinausdeya
Aenfuunumiidaauves hippocampal estrogen uag
gonadal estrogen mianisyiguvearaaussamduluuanta
1. mMsduasziodalasau
walnsau Ao nauvesafiesasngasluulunandga
%ﬁdqummgﬂa%ﬂﬁummauL‘Wﬂ (gonadal estrogen #3©
exogenous estrogen) LLawé"wﬁwgimxLLaLﬁamﬁavLﬂmu
AUNSIUYedeiEsdminy (McEwen & Alves, 1999)
uaﬂmﬂﬁé’qﬁLaaimLﬁ]umﬂdau?ﬁqgné’umwﬁﬁﬁnm?ﬁ'u
uenwiiorndoume Senealasiaulunguii extragonadal
estrogen %30 endogenous estrogen ¥tz dianusadauasey
oalasiaulaies lan seunuinls 50 WL Lag d@uss (Fester
et al., 2011) Iniavnzeesbeanduluuauila (hippocampus)
Fainsdunulud 1995 Tae Robel wazamy wandlifiuii
ﬁmimagjmaqLaﬁimsmﬂuauawaqﬁmiwmaawmzﬁé’uéy’a
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N13&519 gonadal estrogen Inen3in3ala (Robel et al., 1995)
soulul 2003 Prange-Kiel wazmuglansianuioalnsiau
Tuemsmnzdsueadues primary hippocampal neuron
(1 pg/ml) wazlud 2004 Kretz wazamz wuealnsaulu
amsmzidsaiedesulvueuda (24 pg/ml) Fauandliiiu
fenmuanusolunsduasgiuasvdsealnsiauvesad
Uszamduluuanila
Msduanziealasinubiannsildsulasameses
Ju pregnenolone sgteulwl cytochrome P450 side-chain
cleavage (P450scc) melululnmamnie Fenisdeinudiy
derululnnsuiniofesedelusdudiniiididyde
steroidogenic acute regulatory protein (StAR) uag
Sadudumaumuuadng (rate-limiting step) ¥®34
nszuaNnNsdsiasTyRoalasiay 9ntu pregnenolone
%Qmﬂa"am‘ﬂu dehydroepiandrosterone (DHEA) &g
DHEA gnuasuiiiy testosterone prisdiiy anvhetoules]
aromatase z¥n15UAsY testosterone [Uiluiealnsiau
ma‘LuLauImwmaﬁmsa@é’u (Fang let-al., 2001; Saldanha
et al., 2009) é’aﬁ?umswmaul&uﬁ aromatase wag P450scc
Seudhiinisdaaseiealaseuiuneluwediug wad
Yszavgulvbautlainisuansannaes steroidogenic
enzymes fidRIIuILLIN 917U StAR (Wehrenberg
etal., 2001), P450scc (Do Rego et al., 2009) Lag aromatase
(Fester et al., 2011; Yague et al., 2010) FatuFenaaléd
waduszamduluuauila @e steroidogenic cell 7ifl
AuaNTalunsduagilealnsuLaylddnuinuegng
WNITAET primary hippocampal neuron (Prange-Kiel
et al, 2003) waz Wwadmzaewin H19-7 hippocampal
neuron (Chamniansawat & Chongthammakun, 2012)
2. nalnnseangusvasiedlasiau

wonINAEINTINUaNAEITITUTTULAURUSUED

a

oalasaudsfinidfiddaiisadestunisiiauves
szuvdszan lawn nisundesnasinwiwadlszain
Aunssnauluaned naenIuUNILAUNTEUINNNTAT 1AL
(Chamniansawat & Chongthammakun, 2009, 2010, 2012,
Vegeto et al., 2008) ﬁgqﬁmaimmuaaaqwéﬂmé‘h%’u
loalnslau (estrogen receptor, ER) Lﬁammmmiﬁwmmaq
wadidhwne ludagiuilinssuundiuealssinuesniu
2 Ny AU LINTsLanseen fe sasuealaseululuaiea
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(nuclear ER) uag fhiuiealnsiauuudeviuiead (membrane
ER) lowoalasiauduiu nuclear ER neluigad nuclear
ER fifuiutealnsiauaziinsindeuiiinginioavousad
\hneiflonsedunszuiunsaensita (ranscription) lag
Fufusumlsfiiameginzasuuanefiduievesdumung
(estrogen responsive element) diensdamszsitunay
Tuseuwiel Gennalnnseenguissenanai nalnuuusudy
(genomic action) ﬁﬁﬂL@ﬁImﬁLﬂu@@ﬂqm%ﬂhu membrane
ER azihlugnisnszdunalnnisdedygrunisluivad
(intracellular signaling pathway) Lﬁammumiﬁﬂmmm
wadithmngegiesingy Bennalnaniseengudinginii
nalniuulinuBy (non-genomic action) (Chamniansawat
& Chongthammakun, 2010) Wiefiansanainlasiadisves
fhiuedlasiuaransaduunduealnsausendu 3 oiln
Ao fhsuealnsiausindan (ERo), Msutealnsuyindnns
(ERB) wag G-protein coupled receptor 30 (GPR30) (Raz
et al, 2008) esiulealasiausis 3 vila fwiAlazns
wansoanlueiuedisnaiu namfe ERa Sunuminesdostu
szuvAUTLS warszuusienl3vie Taesistonudmynaaesiilsid
81 ERot (ERar knockout mice) Wanuasaduiuguasunsiiug
16 Tuvnzfinymasesitlsifidu ERB (ERP knockout mice)
LifianuAnusnfzessy UuAULS (Rissman et al., 1997; Krege
et al., 1998) 8lsAmuaINAIsANEIRUALERILALTLIN
W1 ERer waw ERB Sinsuansesnludues vshafiunnsasiu
nanfe ERa dnisuanseenuinluwasuszainyin
cholinergic Uy basal forebrain“bundle Faduduves
avesiiAedesfiunginssumsensual luvae? ERB fin1s
wansponunUinadllvuauda way d5usa mosifing
(Shughrue et al., 2000) Fadudruvesanssiisadasiv
nsiBeu3 wavnisasaaud (Ter Horst, 2010) d@ennades
UIUIILVDY Chamniansawat Way Chongthammakun
Tl 2010 Fawandlifivinealnsiaueengnisiiu ERB
Tunsnszdunisuanseonvesdunazlusiuiiiisadosiu
AT¥UIUNTT synaptic plasticity Fadunalnndnvosnisadis
A21U41 (Chamniansawat & Chongthammakun, 2010)
daunsvhauees GPR30 tudsldiduiinsuuide
2.1 8vsWaveauoalnsiausanIsasNAIINT)
2.1.1 Gonadal estrogen
fvdnguiidnauuandiiuiseiuresoalnsiou
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fanadlundsionuaUsesnieudanuduiuslnenseiuseiu
mmwummaamwmmﬁwLf?"iam (Purohit & Reed, 2002) ER
Juanmgudnuainisiinlsadalewes uazmslasuealasiau
nauuanInIaduSas veafundnaile (Miller, 1996;
Henderson, 2010) wandl¥liiui1 gonadal estrogen fiavEwa
AENTEUIUNTRBUIUALNNTAII9AIUT (Sherwin, 1994)
Ten5¥eues gonadal estrogen ansasiudngluiig
138771 long-term potentiation veswadUsyamdulunaua
(Smith et al,, 2009) finnsuanioenvesduLazlusiud
Aedestunszuiunis synaptic plasticity (Chamniansawat
& Chongthammakun, 2009) ARDAIAANT Y synapse
lusUluuaudaldegrsiideddgymniseda (Smith et al., 2009)
Faavuadunalofididglunisaiieninud Faguldn
gonadal ‘estrogen ian1slasutoalnsiaunalny dsaiu
AsvUnIsasmnudTluatesdBUlUwANdd Fansvihey
KananhefunsvnuYes ERB (Liuetal., 2008) yonani
Chamniansawat wag Chongthammakur (2010) uansliiiiu
a1AuTaINalnnIsinuued gonadal estrogen HIUN1INTEA

°

ERB namfie luniieusninienneiifioalnsaussdius
9enszdu ERP ToguuiBeriuwaduaziinadosaonndeaiy
naxdumsaseaudlussesisudy andu ERB fiduiy
walpsuazindeuiidunmelumaduaziingionioa 719
Annsduasesidusarlusfueialmifiensvanesionis
Mauvstealasiaulunisaiiennudn laun activity-
regulated cytoskeleton associated protein (Arc),
postsynaptic density-95 (PSD-95) Wag synaptophysin
(Chamniansawat & Chongthammakun, 2009, 2010)

2.1.2 Hippocampal estrogen

MENEIRINNTAUNUINENTALATIERElA T

4

yneluwaduszamsuluwautalugiesl 1980 viluiinng

R 2

Anwregeraiilosfaunuinuagniiifives hippocampal
estrogen wazwuimniinsdudsmsdansiet hippocampal
estrogen Tapdudanisiauveaeulssi aromatase lu
sUlUwantalnenslishsuds wie nsvilidnineaeslioy
aromatase ﬁmaé’ug’aﬂszﬁmums synaptic plasticity wag
ann1suandeanvedlUsiufiieItestunsyuauns synaptic
plasticity 891w synapse luauesdruduluuauia
(Zhou et al., 2010) usnanimnldiealasiaunnisad
Uszamitvimsdudamsdansest hippocampal estrogen
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Frensdiudanisviauees aromatase wuinealasiau
TiannsawdeiliAanszuiuns synaptic plasticity 16
(Kretz et al., 2004) V¥ nsdasunalnnsBeuiuagns
a519a11u47108 gonadal estrogen Hugesns hippocampal
estrogen uspgnslsimunalnnisvhauanaafgalulud
NIIVUUTR fiou1 Chamniansawat ey Chongthammakun
(2012) wanslifiuiinisdudfsnsdaunsest hippocampal
estrogen finaann1suaninonaes ERP lulwaduszam
sUldupulla odrefldedrfyvieadd wenaind eonadal
estrogen azlianunsansyAunsEUIUNITAS AN luwad
Uszamdvllunudadletinstudimsdansiest hippocampal
estrogen (Chamniansawat & Chongthammakun, 2012)
uansliliiudn hippocampal estrogen funumdAysrenis
wssuuazn1sUTUveuaalsEamlunIsnouausIse
gonadal estrogen KUNITAIVANNITHAAIDBNHATAITVINNIY
U939 ERP
22 dnsnaveuealnsiounenisuntossaat/szan
2.2.1 Gonadal estrogen
Iafinsseaudwasanedlnsaulunisuntes
waaUszamulunanu TngnuAdeusnseaudn wanedgs
TonTMImevsaadUszaMuaIINANN Mz ELIALEEN
(cerebral ischemia) Hopnaweee (Simpkins et al., 1997)
NSANYIRBNINUIITZAUAIUTULIIVBINITUANTUTINA 192
duaanadenziinuduiusivszauvesealasiaulunssua
\Fonvesdninnass dmuhmusuusidinaniesiiaeluszey
proestrous cycle Fauszaziifliziuvasoalnsiaugeiian
(Carswell et al.,, 2000) wananiifedisieeuinnise
walasumieiiAnnsaIeLUy apoptosis U8wad
Usvamsulupuauiiniy (Meng et al., 2010) n1sunias
wadUszamueealaslaue dun1snseduiisuealasau
Taslany ERB nafe wieli diarylpropionitrile (DPN) &

1Y

Hgvsdmglunisnsgdunisvinaeures ERP anunsnansedu

A

AUTULIININNIEVINLABA LG o8 1Tt ATy Nad AL
Wisuisuiunguenuau luvaedl ERa lifinaundeawad
Uszawilunnesananla (Carswell et al., 2004) wansliliiun
gonadal estrogen funumlunisundeswaduszanuiu
n13NsERU ERP
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2.2.2 Hippocampal estrogen

UeN1N gonadal estrogen azﬁqméiuma
Untloawaduszam hippocampal estrogen ﬁﬁqwé‘dﬂﬂaﬂ
waaUsvamlauiu Tud 2003 McCullough wagmugs18u
S inaandiliifit aromatase Fudunisdudnisdansest
hippocampal estrogen wgail gonadal estrogen ’«Jzﬁﬂﬂﬁj
M9LAINANTUTIVBINITUIATUYDIANBIINAN AN DY
yadeniloIsuiiisuiungualuguiigndnsalydslaid
gonadal estrogen (McCullough et al., 2003) ﬂﬂ%ﬁi’]
hippocampal estrogen 3185WaInAI1 gonadal estrogen
Tun1suntleswaduszain donndesiun1TNAae9U0s
Chamniansawat tid@¥ Chongthammakun (2012) R
wandliiuidlowadusramduluuaudaldfuansiiv wu
lelasimuosanntas (H,0) Tunmeiifimstiudinsdanse
hippocampal estrogen dnaandnsn15iTinsonvodsad
WlAee uazansERuNITLERIeenued anti-apoptotic
protein (BCL,) WlawFouiisufunandils$u H,0, sgaifen

d3d A

9

N\

sdngunIAneIfeaufeliagtutali nisasegues
hippocampat estrogen HUNUIMENAYADNITLATBUFRILAY
AsU¥ufMveswaduszam Tnen1sfinnisuanioanvad
ERP Lﬁaiaﬁumiﬂisﬁmm gonadal estrogen lun1s
nszfunalnnisadnemdnudn waznisundeswaddszam
mnlid hippocampal estrogen agdinaandnuiIu ERP
Faulu receptor ndnluniseengniunieawaduszam
war M3adeanud Swihlieaduszamdey uagliifn
A38UIUNTT synaptic plasticity Fadunalnudnvosnisadis
s egnalsimumsanuaiulngiiudunsinuilusesu
wad FemsiinisAnuvideideddudninaassuasfnuds
woAnssuiiethlugnisluldlunmstestunazdaaiunis
auwesszuulszannely

nnANssNUTTNA
YoUBUAMNUNMUIANEAINTUNITVIIUTTEUD
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