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Molecular mechanisms of drugs used to treat bipolar disorder
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Bipolar disorder (BD) is one of the complex
syndromes in psychiatry. At present, the pathophysiology
of BD is not well understood. Furthermore, drugs used
to treat BD as monotherapy have an efficacy either in
manic or depressive pole, and classified in different
groups (e.g. antipsychotics, anticonvulsants). Therefore,
many hypotheses have been proposed for the molecular
mechanism of these drugs in BD. This article focuses
on 3 hypotheses which include 1) the GSK-3 inhibition
hypothesis insists that inhibition of GSK-3 results in
attenuation or prevention of apoptosis, 2) the arachidonic
acid cascade hypothesis asserts that downregulating
brain arachidonic acid metabolism alleviate BD symptoms,
particularly bipolar mania, and 3) the myo-inositol depletion
hypothesis affirms that lithium exerts its mood stabilizing
effect by decreasing inositol concentrations. In addition,
mechanisms of quetiapine and lamotrigine on cell surface
receptors and membrane proteins (e.g. transporters,
ion channels) which may involve bipolar depression are
mentioned. However, further studies may be required for
more evidences of disease mechanisms and drug targets
in BD.
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%mmm’mﬁs{qﬁ’mu@ 3 ANNAFIU T&un 1) GSK-3
inhibition hypothesis 2) arachidonic acid cascade
hypothesis az 3) myo-inositol depletion hypothesis
Lﬁ‘ﬂ‘ﬂﬁﬂ?’mﬁ\uﬂﬂﬁuﬁﬂizﬁutuL@Q@ﬂ@dﬂﬂﬁﬁﬁ’)ﬂm
aanpaednUlszanananisinenisalulnans

UszAnsuarasanlulsalulnand

Taen Acute Mania or

Mixed episode

Continuation or
Maintenance Therapy

Acute Bipolar Depression

Lithium

Lithium Carbonate A’: monotherapy A A"

Anticonvulsants

Carbamazepine A: monotherapy B B

Valproate A": monotherapy C A

Gabapentin X: monotherapy & adjunctive D D

Lamotrigine C: monotherapy A A"
B: rapid cycling

Levetiracetam D D D

Oxcarbazepine B: monotherapy D B

Tiagabine X: monotherapy D D
D: adjunctive

Topiramate C: monotherapy or adjunctive C: adjunctive C: adjunctive

Antipsychotics

Aripiprazole A": monotherapy D A

Clozapine A: monotherapy for treatment- D D

resistant patients

Haloperidol A: monotherapy or adjunctive D D

Olanzapine A": monotherapy or adjunctive B: adjunctive with fluoxetine A

Risperidone A": monotherapy or adjunctive B: adjunctive D

Quetiapine A": monotherapy or adjunctive A A

Ziprasidone A": monotherapy D D

ANRBLN:

A= finsAnsnemdiinagnatias 2 ns@neiilu randomized controlled, double-blind WsauiAguiueNvaanvizaanfau waz/vsa wuztin i
il first-line agent‘l:mf;l British Association for Psychopharmacology evidence-based guidelines for treating bipolar disorder: revised

second edition 998 American Psychiatric Association Practice Guidelines for the Treatment of Patients with Bipolar Disorder (Revision)

1/145‘@ Texas Consensus Panel on Medication Treatment of Bipolar Disorder; + = Vlﬁ%'umiﬁ"‘uTmmnﬁﬁﬂfmﬁuﬂmxﬂﬁmﬂﬁ?mmﬁ‘l,mzm

ﬂmmmﬁmmm (U.S. FDA)

fnsAnen1eAdiin 1 miﬂﬂHWLﬂu randomized controlled, double-blind LLE“?JULw;lunum‘lmaﬂm‘@mmﬂu w14y second-line

B=
(alternative) agent M2l British Association for Psychopharmacology evidence-based guidelines for treating bipolar disorder: revised
second edition 998 American Psychiatric Association Practice Guidelines for the Treatment of Patients with Bipolar Disorder (Revision)
1198 Texas Consensus Panel on Medication Treatment of Bipolar Disorder; l{l#5un135u589370 U.S. FDA
= = aa e = A o & My = o M ve o

C = n9AnNNAdNNnatelat 2 nsAnnili open-label Laz/visa 1N1mLﬂ?HULWEUHUEWMﬂ@ﬂ 1ail#5un1s5use9ann U.S. FDA

D= quma‘ﬂmﬁwwmuﬂmﬂu controlled trials WaZ/438 Vl,uumiﬁmzmmdﬂmuﬂmmumﬂ“ﬂmeiu‘ﬂiﬂiﬂwmw

X = Tadwuzin g Lummﬂwummﬂlmu m‘ﬂma‘ﬂﬂﬂﬂmm@uﬂwLﬂuLL‘Ll‘Ll randomized controlled 1umm1uLLMﬂm\i@ﬁNNuﬂmﬂmmmA

LN@LLE‘EIULV]HUHU%I’]V@@HV?@H’W EI’JEH

17;34’1: Anulagann Drayton SJ, Weinstein B. In: Pharmacotherapy: A pathophysiologic approach, 7" ed. 2008:1141-60.% Laz Goodwin GM.

J Psychopharmacol 2009; 23:346-88."
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Long-term changes in synaptic connections
and modulation of critical neuronal circuits

Changes in gene expression
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519 1 nsfudaeuled GSK-3, IMPase uay IPPase 2a4endildinunlsnlulnans

NN:

GSK-3 inhibition hypothesis

Glycogen synthase kinase-3 (GSK-3) wiluiaulaal
fifinsmezaly serine uaz threonine Wiuaalsznow
FainuiifinaneednenelumadlaeAunegin sy
transcription factor wazlilsfusneanang fedieulu
FoALIANTANATY WAy Lfau”l,sﬂmummﬂummﬂ signaling
pathway m\'ij 1Y Wnt pathway, phosphoinositol-3
kinase (PI3K) pathway, protein kinase A (PKA), protein
kinase C (PKC) ilufi Iaeimuan GSK-3 ARAUNA Reade
Auniaifialeasne) iy Tsawaney Tendalawes
Tealulnans uazlsauzise ufu?

ATULN9THA W G protein-coupled receptor
(GPCR) Wz receptor tyrosine kinase (RTK) @1N190
nazfiu IP3K pathway e 1P3K uewlasviuring
Lﬂgﬂu phosphoinositide 4,5-biphosphate (PIP2) Wl
phosphatidylinositol 3,4,5 triphosphate (PIPs) ap) PIF’3
aznszsudulmsl Akt (protein kinase B; PKB) gl
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ad I indeuunfifiefuiaad nRea Nt ol
phosphoinositol- dependent kinase (PDK-1, PDK-2)
LMWMLWMWU Akt LW@mvmusL‘w Akt LMV\IMW\IM
‘Vl serlne residue m‘mm N-terminal 184 GSK 3 mvﬂu
nnaffudls GSK-3 (‘J“]J‘Vl 1) ) il sfusinae # mﬂﬂum
Tne GSK-3 Vlﬁﬂﬁuimmmu \M1 transcription factors
(B-catenin, cyclic AMP response element binding
protein (CREB), c-Jun) Tﬂiﬁuﬁﬁufagjﬁ’u microtubules
(Tau, microtubule-associated protein (MAP)-1B,
kinesin light chain) TusAuiiAendeaiunisutiesges
[ag (cyclin D, human ninein) wasllaruiiAedaety
NILLAUNTNULNLBATH (glycogen synthase, pyruvate
dehydrogenase) Liusu Famsvnauaesltlsiumanii
doaflaaiuniescaan1saneradaas aqiunign
a7l lulenluinans iy Aiten (lithium) valproate LAz
lamotrigine anunsaduansinauaeaduled GSK-3
16 (gﬂ‘ﬁ 1) wrigelansunalnfidaiau wenaniinudd
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seiLg GSK-3 (AptunginazniSaiiiaifunal serotonin
‘lummuﬁ'uqﬁu WAZNNINIZAUAFATL dopamine D,
dueauiu arunsanszsu GSK-3 %™
Arachidonic acid cascade hypothesis'"’

Arachidonic acid Aansalasiuiifudaulsznatmes
phospholipid ﬁLﬁI@ﬁ:QJLEﬁ@ﬁ {pe1tn®A arachidonic acid
Azqn esterified ﬂg"ﬁ'ﬁ%mm stereospecifically
numbered (sn)-2 284 phospholipid uaznisdandans
arachidonic acid mmﬂfav]mm@mm aAeaulaal
phospholipase A (PLA ) ) @aluanadd 3 190 TEuA

1. Calcmm-dependent cytosolic F’LA2 (cPLAZ)
fAmpudnAysianislanilans arachidonic acid @4
N-terminal TaqdulaslifuFndidui phospholipid
TaeienAeuAnTes §a1 C-terminal Usznaudafuvid
¢iagl phospholipid (catalytic site) LL@”ﬁﬂLmuﬁ@mmﬁu
Naawp (phosphorylatlon site) e CPLA ARG
mﬂmﬂivmumﬂ AARBUANN Cytosol ”Lﬂmmwwm@
Wasn arachidonic acid a7 phosphollpld

2. Secretory PLA (sPLA) ER AN GTIGE T
N17UAN neurotransmitter

3. Calcium-independent F’LA2 (iPLAQ) ﬂﬂwuﬁl
astrocyte

Arachidonic acid lugtlaasy vmmﬂ?u'ﬂuamwﬁw
v@uleradpingsy 1 COX-2 1mLﬂumi prostaglandin E_
(PGE Lﬂumu ‘VN arachidonic acid Wa metabolltes
Lmrmmm/mmmmmm’mm’mmﬂ’lumum 1T N9ds
&yoyroudszann nngneasiaiu nslnanauasaen
Tuguns nIueY ANNALATNOANTTHN LUAU wrvan
umimmumnmu@ AANINNANL IR AN

@umﬁmmﬂfmu arachldonlc acid cascade lulsa
Tulnand Hnsuiiasannnudn Lm“lummwmmmm
unuyneaesRasaiuluaaIuI m’mmimmm
arachidonic acid TuaN8Iana (downregulation) TagiwLl
wwulasdlu arachidonic acid cascade anasad L1
PLA , COX-2 s n1gadng PGE, AIAARY HAFINATD
AR TR dopaminergic D,like waz glutaminergic
NMDA deftynynstlazamanas (A9797 2) anuzipannis
WU N3 FNueIN19TNLASY (antidepressants)
Lm‘wuwmmmmqwﬁuLm‘ﬂu%ﬂiu‘[wmwﬂmnm
mﬂﬂaﬂummm‘lﬁm (switching) 1{1n19% mania T
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wutaulaaly arachidonic acid cascade L‘WIN%H
(upregulation)

AaLnaw (lithium) dugis PKC %'uﬂw,ﬂuvlfﬁﬁﬁmzﬁ’fu
N9911971284 transcription faotoriuﬂ’]iﬁﬂmi‘ﬁ”ﬁ CPLA
1#wn activator protein-2 (AP-2) N@mm‘um PKC ‘1/]’11‘1)1
AP-2 inaulalun n3daiAszil cPLA. mRNA WAy
cPLA, protein fw@mm LONANENLIAN @mﬂummlu
L'ﬂ‘lﬂ,"ﬁu CPLA, ‘mmﬂ LaraLsL@nsnInanas (decreased
activity) mumammu”l,snu COX-2 WUq1 AaNan
yatBunnuaztlsyAvEnmaes COX-2 3@‘1/1"’11%’1‘3@%@
PGE, anav mmumiu NMDA w121 mwﬂmum
miLmuW@mewmmm NR2 v84f5uTiiat A9an
m@mmummLsmmmlmmsnw Ao CPLA, AUy
phospholipid VLéﬂm anueTiEL D -like @mﬂmmﬂ?mm
Gom 183} GO(i subunlt LR mhlbltory G protein mlfﬂ'am
ﬁi@iwdﬂqmmfﬁumuﬂu cPLA, (gﬂm 2)

A59N 2 Tiinvesiaiuluaneingydi cPLA.

Neuroreceptors Ussinnuaensu

Cholinergic muscarinic (MW, I\/I3, M5)

Dopaminergic DZ-Iike (D2, Ds, D4)

Serotonergic 5-HT
2A/2C

Adrenergic [52
Bradykinin [52

Coupled via G-proteins

Metabotropic glutaminergic mGluria

NMDA lonotropic, coupled via
AMPA ca”

fan: Rapoport SI, et al. Brain Res Rev 2009; 61(2):185-209."

Carbamazepine ﬂué//\'i cAMP-dependent protein
kinase (protein kinase A; PKA) %mﬂumu%ﬂﬁmmﬁu
NTNNNULBY AP-2 IAEL PKC ﬁmmmiﬁqmm”ﬁ
CPLA mRNA LL@‘”CPLA protemuﬂﬂmﬂucarbamazeplne
ﬂ\‘iwﬂ,w,@uisnm CPLA, ‘mmﬂ LAANUTEANENINAAASLTU
i mummm@u%u COX-2 WU%1 &1 carbamazepine
antlsz@nsninaes COX-2 Wnliinsa¥1e PGE amas
AuFunasiasiadu D / D,like &1 carbamazepine anA3N
uu’umummmmD LL@“’Z\I@‘L@N’]MG ﬁL%@uﬁuﬁﬁu
D -like (Tﬂ‘w 2)

Sodium valproate FJ‘LIML@LLVLE]’JN acyl-CoA
synthetase (Acsl) Gn\WMMuWIL‘]JMIu arachidonic

Srinagarind Med J 2011: 26(3)
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acid \ilu arachidonoyl-CoA LIS Fananaval
arachidonic acid lign esterified ﬂﬁﬂﬂ@ﬂlu%u
phospholipid daunasaieilad COX-2 wudn a1 valproate
AARaBuN LAz lsLANENMADY COX-2 e
e mm‘lmmamw PGE, anas (iﬂw 2) UBNANN

£
o

i dasudaenlad PKA way PKC fRunaawa iy
A5 NMDA

Lamotrigine AANIIAILATIZY COX-2 MRNA LAY
COX-2 protein (gﬂﬁ' 2)

Atypical antipsychotics LT 14 olanzapine 187 A
quetiapine EILI?NWJ?‘LI D -like mm“w aripiprazole il
partial agonist Vlmir‘i_lu @\‘im@"’mm@@m araohldomc
acid cascade Tt unu Lummﬂmimvmwmm
HTintlinnnstlanides arachidonic acid (mm\m 2) 1819

gnAuENMSTNLAS T T lsAnns L Ae
%qm@\i‘llmiuiwmé’mnmqﬁmLﬁ%’ﬁL‘flum% mania %9
mmu‘lﬁmmﬂ@uu 114 fluoxetine I PN serotonin
(5-HT) L‘wmu memivmuwmw 5- HT . snmmun‘u
CPLA 1ananni maﬂﬂwﬂuuummm WU &N fluoxetine
L‘wmmﬂ?mmumﬂivmmmwmmLau”lenm cPLA, (sﬂw 2
LAY AN 2)

Lithium

Carbamazepi \f
v:loronlema‘ - o

Myo-inositol depletion hypothesis

miwmmum‘lumum T 5-HT
M, M, M) Fadenty G Lmem@mvmumuTﬁﬁm
phosphollpase C (PLC) LW@Lﬂ@ﬂu PIP, i) inositol
1,4,5-trisphosphate (IP ) WAL d|acy|glycerol (DAG) sﬁ\‘i
DAG a¥nszu PKC sl anusd IP, ﬂ?‘tfﬂl&ﬂ’]ﬁ‘ﬂ@ ALage
Lm@L%ﬂu@’mLLmimvmuﬂ’m’luLﬁmﬁLﬁﬂm mumammu
1eldsiuse e luad A9 IP, @“nmﬂaﬂu
annwaenaraiasaaiaulasd inositol polyphosphate
1-phosphatase (IPPase) 14 inositol monophosphate
(IMP) ﬁﬁl\iqm,ﬁublﬁﬁﬂinositol monophosphate phosphatase
(IMPase) Lﬂ?}lﬁluL‘ﬂu myo-inositol La¥iin inositol
nav 1 lmsice 02

Inositol monophosphate phosphatase (IMPase)
ﬁﬁlqﬂﬂﬁﬁuﬁ“mﬂuﬁ (homodimer) LL@xmﬁmLmﬁL%u
(Mg*) mﬂumi‘mmu Imﬂmwmmﬂumﬂw active
site voaiaulmaT e dnAiengnansagLed IMPase uaz
IPPase | Alnenaidin L4 metal site 2 unmianiiide
nlinaamnligiunsnngaeanainiewladudaann
N92UIUNIT hydrolysis yeNANTETIINNN AN WL
ﬂﬁi‘ﬁalﬂﬂmL?TﬁVLﬂLLVlu‘ﬁILLNﬂﬁL%HN v‘h‘l‘v’l’ IMPase
Tadgnsnsndumuiuels ﬂ’Wﬁ‘EI‘LIEQL’ﬂuvlsﬂumﬂﬁﬂﬂﬁuﬂ‘l’l’ﬂﬂ
1310 inositol ARAY (sﬂm 1)6 142022

LL@: muscarinic

........................................

Lithium
Carbamazepine

59 2 nalnniseangnaresenildinulsalulnaniniuannfgau arachidonic acid cascade
N dauilasain Rapoport LazAe'® Las Bazinet'
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uasafasuLazllsAufiiaigasaasen quetiapine
lLag lamotrigine 5

u@ﬂafmmiﬂuﬁqﬁﬁqm D,-like u,m 21 quetiapine
fagnunsndifafazy a, adrenerglc

neurons bA1UNAN4 u,m

presynaptic
norquetiapine (active
metabolite) AN1INELEN noradrenaline (NA) transporter
Sﬁ\‘imt/m’tmm_m@u NA L“n’tmﬁﬁmﬂﬁ‘”zt’m ANNUAAINATD
M 1%N NA ‘1/1 synaptic cleft meu Lﬂuﬂ@iﬂﬂ’t‘i‘ﬂ‘ﬂﬂq%ﬁ
BALNFIUBINTTHLAFN) u;aﬂmﬂu Y14 quetiapine LAy
norquetiapine mmmﬂ"uﬂ”nﬁq%”u 5-HT, Tadrunans
Lmew@LWNﬂ’twm dopamlne ‘Vl prefrontal cortex
kAT hippocampus Gml,ﬂu‘i_l'immmﬂm‘n A9 U
NMTUAAIBENNINBIINAUILATNYANTIN (mmq‘w )
élum%ﬁﬁmmqmwuﬂ?mmmm glutamate WAL cortisol
mﬂmuﬂﬂﬁt ﬁﬁ\m’t lamotrigine £11€19 sodium LAY ca|C|um
channel ‘Vt presynaptic neurons Ltmmmmmmmm
glutamate LA corticotropin-releasing hormone (CRH)
%\1Lﬂuminiz?’t’u‘l,ﬁ’lﬁmﬂwﬁ’tmﬂLsﬁ@@r (excitotoxic)
mm@LﬂuﬂavtﬂmmmmqymLmﬂu‘tiﬂiuiwmi26 #

A15199 3 n1gffusesafunasldsAuniomagaadsn
quetiapine WAL norquetiapine

Target Quetiapine Norquetiapine
(Ki nmol/L) (Ki nmol/L)

a, 1.4 37.2
a, 617 1290
D2L 626 489
D2s 509 749
H1 4.41 1.15
l\/l1 1090 38.3
5-HT 1040 191

1A
5-HT 38 2.9

2A
5-HT 1041 18.5

2C
5-HT transporter > 10000 > 10000
NA transporter > 10000 34.8

N: Palazidou®
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AN 3 anNAgInal me\‘ﬂ,muum@u”lfnu GSK-3
mmﬂutﬂwmammm dlegannnisfiuds GSK-3
AaaRTaran19z mania waznnavauai lulsaluinans
gnfnataEy AN Hdetaldnaainisia 2 9aeee
Tzalulnans voued valproate lunilelu frst-line agents
AUFUNNE mania We larmotrigine aaitlufirst-line agents
o o =< v o £ % dJ [~3 dl
duFunnsauEi lulsaluinans sy Tedssisun
iauwla Aa ldsivatinlanieldnispaounnany GSK-3
Ao §va ) = = o -
AR AANE mania vizan1avduiadlulsalulnans
mumumam arach|don|c aC|d cascade Nmmam‘wuﬁ
ANtz mania iiesannsnaetidasialdluntisil GRHREN]
@mﬂ?‘mmtm”ﬂs”mmmwmmLﬂﬂ%ﬂ‘lu cascade u
PousTN eI TLATY 1 fluoxetine B9LRiaT
ﬂ??mmm”ﬂivmmmwmmLauienu CPLA, Huualely
‘vrfl,t/tmmﬂft'iLﬂ@aummm‘lﬁmiu‘twmm’mn’mmeLﬁ‘m
\{lun19g mania mmumuumgﬁu myo-inositol depletion
WU ATDIANENLTINTY WaNaINT Hafafa5L
wazlisAunRamad18981 quetiapine WAy lamotrigine

« d oA oy et oea < 5
waAIDaNa bnanalRendasiul s ansuasanIIzaNLAT
Tulsalulnans asnelsinny nrsdAne3daluauiam
=~ o o P v o = a A a a
danudrAny e lidnlalswensdsmnenasniainialen
waziluunsaassnlulsaluinanftmianiean
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