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Artists with mit Manic-Depressive Illness



DiagnosticDiagnostic CriteriaCriteria forfor Major Depressive Major Depressive 
EpisodeEpisode

•• depresseddepressed mood mood mostmost of the of the dayday..........
•• markedlymarkedly diminisheddiminished interestinterest or or pleasurepleasure in all, or in all, or almostalmost

all all activitiesactivities mostmost of the of the dayday ........
•• significantsignificant weightweight loss....orloss....or weightweight gain..orgain..or decreasedecrease or or 

increaseincrease in in appetiteappetite........
•• insomniainsomnia or or hypersomniahypersomnia... ... 

ContinuedContinued........

For > 2 For > 2 weeksweeks fivefive (or (or moremore) of the ) of the followingfollowing
symptomssymptoms and at least and at least oneone is is eithereither depresseddepressed mood mood 
or or lossloss of of interestinterest or or pleasurepleasure::



DiagnosticDiagnostic CriteriaCriteria forfor Major Depressive Major Depressive 
Episode Episode ((continuedcontinued))

•• psychomotorpsychomotor agitationagitation or or retardationretardation fatiguefatigue or or lossloss
of energy of energy 

•• feelingsfeelings of of worthlessnessworthlessness or or excessiveexcessive or or 
inappropriateinappropriate guiltguilt

•• diminisheddiminished abilityability to to thinkthink or or concentrateconcentrate
•• recurrentrecurrent thoughtsthoughts of of deathdeath, , recurrentrecurrent suicidalsuicidal

ideation...orideation...or a a suicudesuicude attemptattempt......



DiagnosticDiagnostic CriteriaCriteria forfor ManicManic EpisodeEpisode

•• inflatedinflated selfself--esteemesteem or or grandiositygrandiosity
•• decreaseddecreased needneed forfor sleepsleep
•• moremore talkativetalkative thanthan usualusual or or pressurepressure to to keepkeep talkingtalking
•• flightflight of of ideasideas or or subjectivesubjective experienceexperience thatthat thoughtsthoughts are are 

racingracing
•• distractibilitydistractibility (i.e. (i.e. attentionattention tooetooe easilyeasily drawndrawn to to 

unimportantunimportant or irrelevant or irrelevant externalexternal stimulistimuli))
•• increaseincrease in in goalgoal directeddirected activity (activity (eithereither sociallysocially, at , at workwork

or or schoolschool, or , or sexuallysexually) or ) or psychomotorpsychomotor agitationagitation
•• excessiveexcessive involvementinvolvement in in pleasurablepleasurable activitiesactivities thatthat havehave

a high potential a high potential forfor painfulpainful consequencesconsequences

For >1 week (or any duration if hospitalization is 
necessary):



Pathophysiologie Bipolarer Pathophysiologie Bipolarer 
StStöörungen?rungen?

„„The The rootroot of the of the evilevil lies in the lies in the constitutionconstitution
itselfitself, in the fatal , in the fatal weakeningweakening of of familiesfamilies
from from generationgeneration to to generation.......Thegeneration.......The
rootroot of the of the evilevil certainlycertainly lies lies therethere, and , and 
therethere is no is no curecure forfor it.it.““

Vincent van GoghVincent van Gogh
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GeneticGenetic Data of  Data of  AffectiveAffective DisordersDisorders

•• Bipolar:Bipolar: ConcordanceConcordance raterate MZ 80%MZ 80%
DZ 20%DZ 20%

•• Unipolar:Unipolar: ConcordanceConcordance raterate MZ 50%MZ 50%
DZ 20%DZ 20%

•• Most Most concordantconcordant MZ are MZ are concordantconcordant also in also in coursecourse of of 
illnessillness

•• First First degreedegree relatives of bipolar relatives of bipolar indexindex casescases::
morbiditymorbidity riskrisk: 15  : 15  -- 20 %20 %

•• First First degreedegree relatives of bipolar relatives of bipolar indexindex casescases
morbiditymorbidity riskrisk: 10 : 10 -- 15 %15 %

•• ChildrenChildren of of twotwo affectedaffected parentsparents: : morbiditymorbidity riskrisk 55 %55 %
•• Bipolar:Bipolar: femalefemale : male = 1:1: male = 1:1
•• Unipolar:Unipolar: femalefemale : male = 2:1: male = 2:1



MolecularMolecular GeneticGenetic Data of  Bipolar Data of  Bipolar 
DisordersDisorders

•• ComplexComplex patternpattern of of inheritanceinheritance

•• no no singlesingle genegene of major of major effecteffect

•• Association Association studiesstudies ((LookingLooking forfor polymorphismspolymorphisms thatthat are are 
moremore commoncommon in patients in patients thanthan controls) controls) 

•• ⇒⇒ diseasedisease genegene of of linkagelinkage disequilibriumdisequilibrium (e.g. 5 HT(e.g. 5 HT--
transporter, TH, D2, D3, MAOA, COMT)transporter, TH, D2, D3, MAOA, COMT)

•• LinkageLinkage studiesstudies ((LookingLooking forfor geneticgenetic markersmarkers thatthat
cosegregatecosegregate with the with the diseasedisease in in affectedaffected individualsindividuals in in 
large large familiesfamilies): ): „„Hot Hot spotsspots““ e.g. at 4p16, 10q25e.g. at 4p16, 10q25--26, 26, 
12q2312q23--24, 18p11, 18q2124, 18p11, 18q21--23, 21q2223, 21q22



TwoTwo RoadsRoads in the in the QuestQuest forfor the the 
Pathophysiology of Bipolar Pathophysiology of Bipolar DisorderDisorder::

•• Neurobiological Neurobiological mechanismsmechanisms of of actionaction of of 
drugs drugs thatthat improveimprove or or provokeprovoke alteredaltered mood mood 
((AntidepressantsAntidepressants, , antipsychoticsantipsychotics, mood , mood 
stabilizer, drugs of stabilizer, drugs of abuseabuse))

•• Neurobiological Neurobiological abnormalitiesabnormalities associatedassociated with with 
the the illnessillness??



Treatment of Bipolar Treatment of Bipolar DisordersDisorders

•• AntidepressantsAntidepressants: : 
TreatTreat the depressive the depressive episodeepisode but but maymay induceinduce
maniamania or or cyclecycle accelerationacceleration

•• AntipsychoticsAntipsychotics: : 

„„TreatTreat““ the the manicmanic episodeepisode but but maymay induceinduce
depressiondepression

•• Mood StabilizerMood Stabilizer::
TreatTreat maniamania ((or depression).or depression). PreventPrevent
recurrencesrecurrences of of maniamania and/or  depression!and/or  depression!



MechanismMechanism of Action of of Action of AntidepressantsAntidepressants

•• AD AD increaseincrease 5HT and/or NA in the 5HT and/or NA in the synapticsynaptic cleftcleft by by 
inhibition of inhibition of rere--uptakeuptake, inhibition of , inhibition of metabolismmetabolism or or 
by by blockadeblockade of presynaptic of presynaptic αα22 --receptorsreceptors thatthat
inhibitinhibit 5HT or NA 5HT or NA releaserelease

•• TypesTypes of AD:of AD:
-- TCA (TCA (unspecificunspecific))
-- SSRISSRI‘‘s (s (specificspecific forfor 5HT)5HT)
-- SNRISNRI‘‘s (s (specificspecific forfor noradrenalinnoradrenalin))
-- SSNRISSNRI‘‘s (s (specificspecific forfor 5HT and 5HT and noradrenalinnoradrenalin))
-- MAOIMAOI‘‘ss
-- presynaptic presynaptic αα22--BlockerBlocker
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InteractionsInteractions of of 
noradrenergic and noradrenergic and 
serotonergic serotonergic 
neurotransmissionneurotransmission



„„MonoMono--AmineAmine““--HypothesisHypothesis of of AffectiveAffective
DisordersDisorders

•• Depressive Depressive symptomssymptoms are are duedue to a to a pathologicalpathological lowlow
catecholaminergiccatecholaminergic and/or serotonergic and/or serotonergic neurotransneurotrans--missionmission, , 
manicmanic symptomssymptoms to a to a pathologicallypathologically increased increased 
neurotransmission via these neurotransmission via these pathwayspathways..

EmpiricalEmpirical Basis:Basis:
•• (Almost) all (Almost) all antidepressantsantidepressants increaseincrease the the concentrationconcentration of of 

monoaminesmonoamines in the in the synapticsynaptic cleftcleft..
•• Agents Agents thatthat decreasedecrease aminergicaminergic neurotransmission (e.g. neurotransmission (e.g. 

reserpinreserpin) ) maymay induceinduce depressive depressive symptomssymptoms, , agentsagents thatthat
increaseincrease aminergicaminergic neurotransmission (e.g. neurotransmission (e.g. amphetamineamphetamine) ) 
maymay induceinduce maniamania--likelike symptomssymptoms..



MethodsMethods forfor DepletionDepletion of of 
NeurotransmittersNeurotransmitters in the Brainin the Brain

•• αα--MethylparatyrosinMethylparatyrosin (AMPT)(AMPT) (Inhibition of (Inhibition of 
tyrosinetyrosine--hydroxylasehydroxylase und und thusthus inhibition of inhibition of 
noradrenaline and noradrenaline and dopaminedopamine synthesissynthesis))

•• TryptophanTryptophan--depleteddepleted dietdiet + + TRPTRP--freefree
aminoacidaminoacid--drinkdrink ((DepletionDepletion of of TrpTrp, inhibition , inhibition 
of serotonine of serotonine synthesissynthesis))



Effects of Effects of NeurotransmitterNeurotransmitter--DepletionDepletion--StudiesStudies
((ReviewReview: Delgado & : Delgado & MorenoMoreno 2000)2000)

-----------------------------------------------------------------------------------------------
SubjectsSubjects 5HT5HT--Depletion          Depletion          CatecholamineCatecholamine--DepletionDepletion
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
healthyhealthy ---- +/+/--

previousprevious episodeepisode of of depresssiondepresssion, , 
remittedremitted withoutwithout medicationmedication ++++++ ++++++

depressive, no depressive, no medicationmedication ---- ----

remittedremitted with SSRIwith SSRI ++++++++ ++

remittedremitted with NRIwith NRI ++ ++++++++

remittedremitted with with NaSSaNaSSa ++++++++ ++++++++
-----------------------------------------------------------------------------------------------



MechanismMechanism of Action of of Action of AntidepressantsAntidepressants
(AD)  (AD)  --Implications Implications forfor PathophysiologyPathophysiology--

•• Effects of AD on Effects of AD on neurotransmittersneurotransmitters are rapid, are rapid, 
but but antidepressantantidepressant actionaction is is delayeddelayed by 7by 7--14 d14 d

⇒⇒ downstreamdownstream effects are effects are importantimportant! ! 
•• Reversal by Reversal by neurotransmitterneurotransmitter--depletiondepletion of of ADAD--

inducedinduced remission is remission is specificspecific forfor the the typetype of AD of AD 
usedused. No . No effecteffect in in healthyhealthy controls or controls or acutelyacutely
depressive patients!depressive patients!

⇒⇒ AD do not AD do not correctcorrect deficiencydeficiency in in 
monoaminesmonoamines but but actact via via compensatingcompensating

downstreamdownstream dysfunctionsdysfunctions! ! 



AminergicAminergic--CholinergicCholinergic DysbalanceDysbalance--
HypothesisHypothesis of of AffectiveAffective DisordersDisorders

•• PreponderancePreponderance of of aminergicaminergic overover cholinergic cholinergic 
neurotransmission leads to neurotransmission leads to manicmanic symptomssymptoms, , 
preponderancepreponderance of cholinergic of cholinergic overover aminergicaminergic
neurotransmission to depressive neurotransmission to depressive symptomssymptoms..

•• EmpiricalEmpirical Basis:Basis:
--Effects of Effects of antidepressantsantidepressants on on monoaminesmonoamines
--DepressiogenicDepressiogenic effecteffect of physostigminof physostigmin
--Increased Increased sensitivitysensitivity of REMof REM--sleep tosleep to
cholinergic cholinergic stimulationstimulation in depressive patientsin depressive patients
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Neurobiological Neurobiological AlterationsAlterations in in AffectiveAffective
DisordersDisorders -- SleepSleep--DisturbancesDisturbances--

•• DecreasedDecreased slowslow--wave (Delta) sleepwave (Delta) sleep
•• Increased REMIncreased REM--sleep sleep pressurepressure
•• Increased Increased sensitivitysensitivity of REMof REM--sleep to sleep to 

cholinergic cholinergic stimulationstimulation ((duedue to to alterationsalterations of of 

receptorreceptor sensitivitysensitivity?)?)

•• Increased cerebral Increased cerebral glucoseglucose--metabolismmetabolism (CGM) (CGM) 
in ant. in ant. cingulatecingulate ((normalizednormalized by sleep by sleep 
deprivationdeprivation))



Other Treatment Other Treatment OptionsOptions
--Implications Implications forfor PathophysiologyPathophysiology--

•• Sleep Deprivation (SD):Sleep Deprivation (SD):
-- transitorytransitory antidepressive, antidepressive, triggerstriggers maniamania!!

-- IncreasesIncreases DeltaDelta--Power (Power (correlationcorrelation with with 
clinicalclinical antidepressantantidepressant responseresponse?)?)

-- ReducesReduces CGM: CGM: correlatescorrelates with  with  
antidepressant antidepressant responseresponse to SD to SD (Wu et al 1992,(Wu et al 1992,
1999; Ebert et al 1994; Ho et al 1996)1999; Ebert et al 1994; Ho et al 1996)



Other Treatment Other Treatment OptionsOptions
--Implications Implications forfor PathophysiologyPathophysiology--

•• Electroconvulsive Therapy (ECT):Electroconvulsive Therapy (ECT):
-- VeryVery effectiveeffective antidepressantantidepressant and antimanic and antimanic 
-- IncreaseIncrease of Deltaof Delta--Power Power afterafter ECT ECT correlatescorrelates
with the with the responseresponse to ECT to ECT (Sackheim et al 1996)(Sackheim et al 1996)

-- ReductionReduction of CGM of CGM afterafter ECT ECT correlatescorrelates with with 

responseresponse to ECT to ECT (Nobler et al 1994)(Nobler et al 1994)



IndicatorsIndicators forfor enhancedenhanced AdenosineAdenosine
AA11--ReceptorReceptor--Activation in the BrainActivation in the Brain

•• IncreaseIncrease in EEG Deltain EEG Delta--Power Power (Benington et al (Benington et al 
1995; Landolt et al 1995)1995; Landolt et al 1995)

•• ReductionReduction of Cerebral Glucose Metabolismus of Cerebral Glucose Metabolismus 
(Ho et al 1996)(Ho et al 1996)



Function of Function of adenosineadenosine in the brainin the brain

•• Inhibitory Inhibitory neuromodulatorneuromodulator

•• SignalizesSignalizes und und antagonizesantagonizes OO22 --DeficitDeficit::

–– A1A1--Receptors (inhibition of neuronal Receptors (inhibition of neuronal 
ExcitabilityExcitability))

–– A2aA2a--Receptors (Receptors (vasodilatationvasodilatation))

–– A2bA2b--Receptors (Receptors (GlycogenolysisGlycogenolysis in astroglia)in astroglia)

•• AntiepilepticAntiepileptic a. neuroprotective effectsa. neuroprotective effects



Astrocyte

ATP

Adenosine

A1-rec.

A2b-rec.

A2a-rec.

Neuron

Vasodilatation,
increased O2

inhibition of neuronal
excitability, neuroprotection

IL-6

(Biber et al 2001, Neuropsychopharmacology 24, 86-96)

A1-rec. NGF
(Neuroprotection)

IL-6-rec.

(Biber et al 2001, Neuropsychopharmacol. 24, 86-96)

Carbamazepin



The antidepressive effects of sleep The antidepressive effects of sleep 
deprivationdeprivation, ECT and carbamazepine , ECT and carbamazepine maymay
bebe duedue to upregulation of to upregulation of adenosinadenosin A1A1--
receptors in the brain and receptors in the brain and consequentconsequent

inhibition of cholinergic neurotransmissioninhibition of cholinergic neurotransmission



Antibipolar Antibipolar MedicationsMedications
((„„Mood StabilizerMood Stabilizer““))

•• Lithium Lithium saltssalts
•• CarbamazepineCarbamazepine
•• ValproateValproate
•• Lamotrigine Lamotrigine 
•• other  other  newnew AntiepilepticsAntiepileptics (?)(?)
•• „„atypicalatypical““AntipsychoticsAntipsychotics(?)(?)



EarlyEarly studiesstudies of the of the prophylacticprophylactic effecteffect of of 
lithium therapy lithium therapy ((BaastrupBaastrup & Schou 1967; Schou 1973)& Schou 1967; Schou 1973)



Differential Differential IndicationsIndications of of 
Mood Stabilizer?Mood Stabilizer?

•• „„TypicalTypical““ EuphoricEuphoric ManiaMania
•• „„AtypicalAtypical““ DysphoricDysphoric ManiaMania
•• Mixed Mixed StatesStates
•• „„Rapid CyclingRapid Cycling““
•• PsychoticPsychotic SymptomsSymptoms
•• „„Bipolar DepressionBipolar Depression““
•• ContinuationContinuation and and MaintenanceMaintenance TherapyTherapy



HospitalizationsHospitalizations (%) (%) duringduring maintenancemaintenance
treatment with lithium or carbamazepinetreatment with lithium or carbamazepine

(Greil et al 1998)(Greil et al 1998)
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CellularCellular Signaling Signaling PathwaysPathways: Arguments : Arguments forfor
theirtheir RoleRole in Bipolar in Bipolar DisorderDisorder

(modified from Manji & Lenox 2000, Biol. Psychiatry 48, 518(modified from Manji & Lenox 2000, Biol. Psychiatry 48, 518--530)530)

•• RegulateRegulate multiple neurotransmitter multiple neurotransmitter systemssystems and and theirtheir
functionalfunctional balancebalance

•• DynamicDynamic regulation of signaling networks regulation of signaling networks formsforms the the basisbasis
forfor higherhigher order brain order brain functionfunction (mood and (mood and cognitioncognition))

•• CriticalCritical rolerole in in finefine--tuningtuning of of signalssignals

•• CriticalCritical rolerole in in neuroplasticneuroplastic eventsevents and and cellularcellular resiliencyresiliency

•• Major Major targetstargets forfor actionsactions of  of  hormoneshormones ((thyroidthyroid, , steroidssteroids))

•• UbiquitouslyUbiquitously expressedexpressed, but brain regional , but brain regional dysregulationdysregulation
and and circumscribedcircumscribed symptomatologysymptomatology is is possiblepossible..

•• TargetsTargets of mood stabilizersof mood stabilizers



Signaltransduction SystemsSignaltransduction Systems

R
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GG--Proteins in Bipolar Proteins in Bipolar DisorderDisorder and in the and in the 
MechanismMechanism of Action of Lithiumof Action of Lithium

•• IncreaseIncrease of Gof Gααss--protein in postprotein in post--mortem brain mortem brain 
and and peripheralperipheral bloodblood cellscells of bipolar patients of bipolar patients 
(Young et al 1993, 1994; Manji et al 1995; Mitchell et al 1997)(Young et al 1993, 1994; Manji et al 1995; Mitchell et al 1997)

•• VariousVarious, , sometimessometimes localizedlocalized effects of chronic effects of chronic 
lithium onlithium on mRNA expression ofmRNA expression of αα--subunits, subunits, 
e.g. downregulation of e.g. downregulation of ααss and and ααi i (Lenox et al 1998; (Lenox et al 1998; 
Jacobsen et al 1998)Jacobsen et al 1998)
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Neurotr.-Metabolis.
Receptor Sensitivity
G-Proteins
IP1-Phosphatase

--
GSK-3

--
--
--

Adenylylcyclase
Proteinkinase C
Inositoltransport
β-Catenin, AP-1
Neuroprotection

?
?
?

IP1-Synthase
--

GSK-3 
Na-channels, 
Ca-channels
GABA

--
Proteinkinase C
Inositoltransport
β-Catenin, AP-1
Neuroprotection

?
?
?
--

Adenosine-Recept.
?

Na-channels, 
Ca-channels
GABA-B 
Adenylylcyclase

--
Inositoltrans

port
I.E. Genes ?
Neuroprotection?

Lithium Ions Valproate Carbamazepine



PIPI--Signaltransduction Signaltransduction -- EffectEffect of Lithium of Lithium 

α
βγR

PLC

PIP2 PIP PI

ATPATP

DAG

PKC

IP3

IP2

IP1

Myo-Inositol

Lithium

Transcription factors, Gentranscription

Ca2+

Calm.-Kinasen, PKC



The  The  InositolInositol--DepletionDepletion--HypothesisHypothesis
(Berridge et al 1989)(Berridge et al 1989)

•• Li Li inhibitsinhibits
InositolmonophosphataseInositolmonophosphatase

•• ⇒⇒ DepletionDepletion of sensitive of sensitive 
brain areas of inositol brain areas of inositol 

•• ⇒⇒ Inhibition of the PIInhibition of the PI--
second second messengermessenger--systemsystem
in in „„pathologicallypathologically
overactivated overactivated neuralneural
circuitscircuits““..



Effects of Lithium on MyoEffects of Lithium on Myo--Inositol Inositol 
Content in the BrainContent in the Brain

•• AcuteAcute treatment of treatment of ratsrats with high with high dosesdoses: : 
apprappr. 35% . 35% reductionreduction in inositol content in inositol content 
(Sherman et al 1981, 1985).(Sherman et al 1981, 1985).

•• Chronic treatment of Chronic treatment of ratsrats with with „„therapeuticaltherapeutical““
dosesdoses: : ReductionReduction (20%) (20%) limitedlimited to to 
hypothalamus hypothalamus (Lubrich et al 1997).(Lubrich et al 1997).

•• TherapeuticTherapeutic treatment of treatment of manicmanic--depressivedepressive
patients: patients: ReducedReduced inositol content in frontal inositol content in frontal 
lobe lobe afterafter 55--7 d 7 d (Moore et al 1999).(Moore et al 1999).



Ca-Response to fMLP in Neutrophils of  Patients and Controls



PIPI--SignallingSignalling in in PeripheralPeripheral CellsCells of of ManicManic--
DepressiveDepressive Patients: Patients: EffectEffect of Lithium of Lithium 

TherapyTherapy

•• Increased activity of the Increased activity of the PIPI--systemsystem in in 
plateletsplatelets and neutrophils of depressive or and neutrophils of depressive or 
manicmanic patients (patients (statestate markermarker).).

•• DecreasedDecreased activity of the activity of the PIPI--systemsystem in in 
neutrophils neutrophils underunder chronic lithium chronic lithium therapytherapy..



Effects of Lithium on Effects of Lithium on PIPI--signallingsignalling
in Brain in Brain SlicesSlices

•• Inhibition of activity in brain Inhibition of activity in brain slicesslices from from 
speciesspecies ((ratsrats, , micemice) ) whichwhich readilyreadily
depletedeplete of inositol.of inositol.

•• Potentiation of activity in Potentiation of activity in speciesspecies
((guineaguinea pigpig, , primateprimate) ) relativelyrelatively resistent resistent 
to inositol to inositol depletiondepletion (Dixon et al 1992).(Dixon et al 1992).



LaterLater ModificationsModifications of of thethe InositolInositol
DepletionDepletion HypothesisHypothesis

•• Lithiums Lithiums effectseffects on on PIPI--signallingsignalling maymay differdiffer in in 
variousvarious brainbrain areasareas and and eveneven different different brainbrain
cellscells

•• InositolInositol depletiondepletion isis onlyonly thethe initial initial triggertrigger of of 
moremore downstreamdownstream effectseffects such as:such as:
-- ActivationActivation and and laterlater downregulation of downregulation of 
PKCPKC--isoenzymesisoenzymes

-- Modulation of Modulation of genegene transcriptiontranscription



FactorsFactors DeterminingDetermining MyoMyo--Inositol Levels in Brain Inositol Levels in Brain 
CellsCells

R

Glc-6-P

IP1

MyoMyo--InositolInositol

ReceptorReceptor--activatedactivated
hydrolysishydrolysis by PLCby PLC

DAGDAG

PKCPKC

High Affinity High Affinity 
SodiumSodium//
MyoMyo--InositolInositol--
Transport Transport 
(SMIT)(SMIT)

FacilitatedFacilitated DiffusionDiffusion
High High CapacityCapacity, Low , Low 
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Li, Val,Li, Val,
CBZCBZ

Li+
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The High Affinity The High Affinity Sodium/MyoSodium/Myo--
InositolInositol--CoCo--TransporterTransporter (SMIT)(SMIT)

•• The human The human genegene (SCL5A3) is (SCL5A3) is localizedlocalized on on 
chromosomechromosome 21q22.121q22.1

•• AtypicalAtypical genegene structurestructure: : ≥≥ 55 exonsexons, , intronfreeintronfree
ORF in  the ORF in  the unusualunusual large exon 2. large exon 2. 

•• Alternative Alternative splicingsplicing ((PorcellatiPorcellati et al 1999).et al 1999).

•• Differential Differential expressionexpression and regulation in and regulation in 
distinct areas of the brain distinct areas of the brain (Yamashita et al 1998; (Yamashita et al 1998; 
NonakaNonaka et al 1999; Lubrich et al 2000).et al 1999; Lubrich et al 2000).



StructureStructure of SLC5A3of SLC5A3
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SMITSMIT--mRNA Expression in Astrocytes mRNA Expression in Astrocytes afterafter
Chronic Treatment (14 d) with Mood StabilizersChronic Treatment (14 d) with Mood Stabilizers

0

50

100

150

200

250

300

Cerebellum Cortex

Control
Lithium
CBZ
VPAA

rb
itr

ar
y

U
ni

ts

Lubrich & van Calker 1999, Neuropsychopharmacology 21, 519



Effects of Mood Stabilizer on Effects of Mood Stabilizer on neuronsneurons in in 
Cell Cell CultureCulture

(Williams et al (2002) A (Williams et al (2002) A commoncommon mechanismofmechanismof actionaction forfor threethree moodmood--
stabilizingstabilizing drugs. Nature 417, 292drugs. Nature 417, 292--295)295)

All All threethree establishedestablished mood stabilizer (lithium, mood stabilizer (lithium, 
valproatvalproat, , carbamazepincarbamazepin) alter the growth of ) alter the growth of axonsaxons in in 
cell cell cultureculture. These effects are . These effects are counteractedcounteracted by by yoyo--
inositolinositol. . 

Inositol Inositol depletiondepletion: : ImportantImportant commoncommon mechanismmechanism of of 
actionaction of mood stabilizerof mood stabilizer
Most Most likelylikely cause of inositol cause of inositol depletiondepletion: Inhibition of : Inhibition of 
SMIT?SMIT?



Determination of MyoDetermination of Myo--Inositol by MRS Inositol by MRS --
in Brain Areas of Bipolar Patientsin Brain Areas of Bipolar Patients

• Untreated, acutely manic adolescent patients: Increased 
content of myo-inositol in anterior cingulum and frontal 
cortex (Davanzo et al 2001, 2003; Cecil et al 2003)

• Adult patients: No difference as compared to controls  
(Moore et al 2000, Cecil et al 2002; Silverstone et al 2002; Dager et al 2004).

• Treatment with lithium: In bipolar patients (Moore et al 1999)

decrease of the myo-inositol signal in frontal cortex. 
• Increased content of myo-inositol in frontaler cortex/ant. 

cingulum in untreated patients? Reduced (and thus
normalized) under therapy with mood stabilizers?



Neurotrophic Effects of Mood Neurotrophic Effects of Mood StabilizersStabilizers --
MoreMore EvidenceEvidence forfor AlterationsAlterations in Gene in Gene 

TranscriptionTranscription

•• Chronic lithium (14 d) Chronic lithium (14 d) increasesincreases hippocampal hippocampal 
neurogenesis in neurogenesis in micemice ((BrdUBrdU immunohistochemistry) immunohistochemistry) (Chen (Chen 
et al 2000)et al 2000)

•• Chronic (4 w) lithium or valproate Chronic (4 w) lithium or valproate increaseincrease bclbcl--2 2 
immunoreactiveimmunoreactive neuronsneurons in the frontal cortex of the rat in the frontal cortex of the rat 
(Chen et al 1999)(Chen et al 1999)

•• IncreaseIncrease in brain in brain graygray matter matter volumevolume in BPD patients in BPD patients afterafter
4 4 weeksweeks of lithium treatment of lithium treatment (Moore et al 2000)(Moore et al 2000)

•• Chronic lithium therapy Chronic lithium therapy increasesincreases NAA in human brain NAA in human brain 
(Moore et al 2000)(Moore et al 2000)



NeuromorphologicalNeuromorphological AlterationsAlterations in in 
Bipolar Bipolar DisordersDisorders

•• ReducedReduced volumevolume of of brainbrain regionsregions thatthat appearappear to to 
bebe invovedinvoved in in thethe pathophysiology of pathophysiology of moodmood
disordersdisorders (e.g. (e.g. hippocampushippocampus) ) ((ReviewReview: : ManjiManji & & 
DumanDuman 2000)2000)

•• ReducedReduced numbersnumbers of of gliaglia--cellscells in in thethe postpost--
mortem frontal mortem frontal cortexcortex and and cingulatecingulate of of patientspatients
withwith bipolar bipolar disorderdisorder ((RajkowskaRajkowska et al, Biol Psychiatry et al, Biol Psychiatry 
in press; in press; OngurOngur et al 1998, PNAS 95, 13290)et al 1998, PNAS 95, 13290)



Lithium Lithium inhibitsinhibits accumulationaccumulation of of AlzheimerAlzheimer‘‘ss
diseasedisease amyloidamyloid--ββ in the brain of in the brain of micemice thatthat

overproduceoverproduce APPAPP
(P. Klein, C. Wilson & V. Lee 2003)(P. Klein, C. Wilson & V. Lee 2003)



Chronic (4 w) lithium or valproate increase bcl-2 immunoreactive
neurons in the frontal cortex of the rat (Chen et al 1999)



Increase in brain gray matter volume in BPD patients after
4 weeks of lithium treatment (Moore et al 2000)



Chronic lithium (14 d) increases hippocampal neurogenesis
in mice (BrdU immunohistochemistry) (Chen et al 2000)



AdultAdult Neurogenesis in the HippocampusNeurogenesis in the Hippocampus
(Duman et al 2001)(Duman et al 2001)

9000/day 270 000/month

Neurogenesis  is upregulated by:
stimulating environment
endurance training
learning
Estrogen
Antidepressivs
Lithium
Valproate

Neurogenesis is downregulated by
Stress
Glukocortikoids
Age
Opiates
Excitatory Aminoacids



A A molecularmolecular and and cellularcellular modelmodel of depression of depression 
and the and the actionaction of of antidepressantsantidepressants (Duman et al 1997)(Duman et al 1997)

CA1

CA3

Schaffer Schaffer CollateralCollateral

Normal Stress Antidepressants

DentateDentate GyrusGyrus
MossyMossy FibFib..

Normal survival and growth Atrophy and death Increased survival and growth

Other neuronal insults:
Hypoxia/Ischemia
Neurotoxins
Viruses

5HT + NE ⇑
BDNF ⇑BDNF ⇓

Glucocorticoids ⇑



Neuroplasticity and cellular resilience in mood disorders
(Manji et al 2000)



SummarySummary
AbnormalitiesAbnormalities in bipolar in bipolar disorderdisorder ((„„EndophEndophäänotypesnotypes““))

•• structuralstructural a. a. functionalfunctional alterationsalterations in the brain in the brain 
((volumenvolumen, glia , glia numbernumber, NAA, CBF, CGM) (, NAA, CBF, CGM) (statestate, , 
traittrait or or scarscar?)?)

•• polysomnographicpolysomnographic alterationsalterations, cholinergic , cholinergic 
supersensitivity (supersensitivity (statestate or or traittrait?)?)

•• enhancedenhanced GGααss--expression (expression (traittrait))

•• enhancedenhanced sensitivitysensitivity of PIof PI--signaling (signaling (traittrait?)?)

•• SMIT (??)SMIT (??)



ProspectsProspects -- From Basis Science to From Basis Science to 
ClinicalClinical ApplicationsApplications??

•• ClinicalClinical trialstrials of PKCof PKC--Inhibitors such as Inhibitors such as tamoxifentamoxifen
((BebchukBebchuk et al 2000)et al 2000)??

•• High High thruthru--putput screeningscreening forfor compoundscompounds thatthat
inhibitinhibit GSKGSK--3 and/or SMIT 3 and/or SMIT activityactivity and and 
subsequentsubsequent clinicalclinical trialstrials??

•• EarlyEarly and and agressiveagressive treatmenttreatment withwith moodmood
stabilizersstabilizers maymay bebe necessarynecessary to to preventprevent
progressionprogression of of neuromorphologicalneuromorphological alterationsalterations..



QuestionsQuestions

•• WhichWhich alterationsalterations of sleep of sleep patternspatterns are are typicallytypically
foundfound in depression?in depression?

•• HowHow do do theythey relaterelate to to theoriestheories of the of the 
pathophysiology of pathophysiology of affectiveaffective disordersdisorders??

•• WhatWhat is the is the principalprincipal assumptionassumption of the of the inositolinositol--
depletiondepletion hypothesishypothesis of lithium of lithium actionaction??

•• HowHow are the are the neuromorphologicalneuromorphological findingsfindings in bipolar in bipolar 
disorderdisorder relatedrelated to potential to potential mechanismsmechanisms of of actionaction of of 
mood stabilizers?mood stabilizers?



Sigmund Freud:

Bei dem innigen Zusammenhang von 
körperlichen und seelischen Dingen darf 
man vorhersehen, dass der Tag kommen 
wird, an dem sich Wege der Erkenntnis 
und Beeinflussung von der Biologie der 
Organe und ihrer Chemie zu dem 
Erscheinungsgebiet der Depression 
eröffnen werden. Dieser Tag scheint noch 
ferne, gegenwärtig sind uns diese 
Krankheitszustände von der 
medizinischen Seite her unzugänglich.

1926



GGααss--mRNA Expression in Neutrophils of bpmRNA Expression in Neutrophils of bp--
Patients and Controls (Patients and Controls (RealReal--TimeTime PCR)PCR)

(Willmroth et al unpublished)(Willmroth et al unpublished)
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DirectDirect TargetsTargets of of MoodMood StabilizersStabilizers
•• Lithium Lithium ionsions:: InhibitInhibit byby competitioncompetition withwith MgMg2+2+

–– AdenylylcyclaseAdenylylcyclase
–– PhosphomonoesterasesPhosphomonoesterases ((IMPaseIMPase, , IPPaseIPPase, PAP, PAP--

Phosphatase)Phosphatase)
–– GlycogenGlycogen--SynthaseSynthase--KinaseKinase--3 (GSK3 (GSK--3)3)

•• ValproateValproate
–– GABAGABA--MetabolismMetabolism (?)(?)
–– Inhibition of Inhibition of NaNa++--channelschannels
–– Inhibition of Inhibition of HistonHiston--DeacetylaseDeacetylase ((⇒⇒ EpigeneticsEpigenetics))

•• CarbamazepineCarbamazepine
–– Inhibition of Inhibition of NaNa++--channelschannels
–– Inhibition and Upregulation of Inhibition and Upregulation of AdenosineAdenosine AA11--RezeptorsRezeptors



Regulation of Regulation of GentranscriptionGentranscription by by 
epigenetic Mechanismsepigenetic Mechanisms

((ColvisColvis, C. M. et al. J. , C. M. et al. J. NeurosciNeurosci. 2005;25:10379. 2005;25:10379--10389)10389)



SMIT1SMIT1--mRNA Expression in Neutrophils of bpmRNA Expression in Neutrophils of bp--
Patients and Controls Patients and Controls (Willmroth et al 2007)(Willmroth et al 2007)
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MR Spektroskopie bei bipolaren MR Spektroskopie bei bipolaren 
StStöörungen rungen ((DavanzoDavanzo et al 2003)et al 2003)



MyoMyo--InositolInositol--Gehalt im ant. Gehalt im ant. CingulumCingulum bei bei 
juvenilen Patienten mit bpjuvenilen Patienten mit bp--StStöörung rung 

((DavanzoDavanzo et al 2003)et al 2003)



EffectEffect of Lithium Treatment on Brain of Lithium Treatment on Brain 
MyoMyo--Inositol (Moore et al 1999)Inositol (Moore et al 1999)



Funktional Funktional 
AlterationsAlterations in Bipolar in Bipolar DisordersDisorders

•• IncreasedIncreased CBF and CBF and GlcGlc--MetabolismusMetabolismus (PET) in (PET) in 
limbiclimbic und und prefrontalprefrontal AreasAreas

•• ReducedReduced NAANAA--ContentContent in Hippocampus und in Hippocampus und 
dorsolateraldorsolateral prefrontalprefrontal CortexCortex

•• IncreasingIncreasing EvidenceEvidence forfor MitochondriaMitochondria--
DysfunctionDysfunction! ! ((KatoKato et al 2000; et al 2000; KonradiKonradi et al 2004; et al 2004; 
IwamotoIwamoto et al 2005; Sun et al 2006)et al 2005; Sun et al 2006)



GlycogenGlycogen--SynthaseSynthase--KinaseKinase--3 in 3 in 
cellularcellular signaling signaling 



GlykogenGlykogen--SynthaseSynthase--KinaseKinase--33--Beta (GSKBeta (GSK--33ββ).).
((reviewreview: Li et al 2002 : Li et al 2002 Bipolar Bipolar DisordersDisorders 4, 137)4, 137)

•• Inhibition Inhibition byby LiLi+ + (in vitro und in vivo, K(in vitro und in vivo, Kii 11--2 mM)2 mM)
•• Inhibition Inhibition byby ValproatValproat (Chen et al 1999)? (Chen et al 1999)? 

((controversialcontroversial!)!)

•• Central Central rolerole in in thethe regulationregulation of of apoptosisapoptosis,  ,  
plasticityplasticity and and resilienceresilience of of neuralneural cellscells

•• HiglyHigly expressedexpressed in in brainbrain
•• Gen Gen localisedlocalised on 3q21.1on 3q21.1



InductionInduction of hippocampal neurogenesis by chronic of hippocampal neurogenesis by chronic 
valproate treatment in valproate treatment in adultadult micemice. . 

HaoHao et al J Neurosci. 2004 Jul 21;24(29):6590et al J Neurosci. 2004 Jul 21;24(29):6590--9.9.
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