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Norepinephrine and Psychopathology
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NE excretion tinanniu agnalsfianumadasuutssluszauaas catecholamine
metabolites an'lainsfl TaoaziUfauudasaudisseninamssnen
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ceruleus 881981IW% ¥ IRINTAAAIVES synaptic NE L8z compensatory changes Tu
TALVD tyrosine hydroxylase Tu noradrenergic neurons

snnalnwitsfiatuny biological change Aemstnduues CRH production A
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ﬁﬂﬂgjmnﬁu%maa NE turnover uaziinlgnisnaasved NE ld CRH antagonists
L% alpha human corticotropin - releasing hormone m%a@mafﬁmzﬁaaﬁumnﬁ@
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lanayd NE deficiency flauieadoany depression lasainguad NE
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Postsynaptic alpha 2 receptor down - regulation

{1l depression Aal'ldlFen wWSsufieuny healthy control Tuangidoiuny
TlaNuAaUn@vas growth hormone ( GH ) finauguassam sl clonidine Usng
ol Hw postsynaptic alpha 2 receptor LLa:gﬂﬁmwuiﬂﬂﬁwﬂumﬁnmﬁaU
antidepressant aghslsfimanssasldasaatu 1 serotonergic agent m -
chlorophenylpiperazine ( m-CPP ) vinlAiAia abnormal GH responses é’aﬁf’ummﬂuvlﬂ"l@i”
71 blunted GH response 413911 intrinsic abnormality T4 GH system Tu depression N13
Siib ARl long - term antidepressant LT% desipramine, amitriptyline , clorgyline ,
trazodone %38 mianserine 'l4¢ reverse blunted GH response §a clonidine Tu
depression
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SICHINRIER density Bananulu depression uazoatdn secondary ¥131N NE deficiency



Presynaptic alpha 2 receptor dysfunction
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antagonist WU’i’]LﬁI&I sensitivity U84 presynaptic alpha 2 receptor Tu depression %dﬂ'ﬂ
wiariunavad clonidine luaaudu sdvluiimiaguita

NMITNEIIUIUAL desipramine W< amitriptyline 8@ presynaptic alpha 2
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Alpha 1 receptor up-regulation
InsAnwIng neurophysiology W13 antidepressant mﬁ]ﬁ’m’lﬂﬂmﬁ'&lm‘i
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Beta adrenergic receptor down - regulation

Postsynaptic beta - adrenergic receptor down - regulation 1 umauad
antidepressant 13u1n3I0E9 ECT aghelsiaaufendl weak v5a lifnada down -
regulation L% mianserine , bupropion L&z maprotiline

mﬁuﬁﬁﬂﬁlﬁ@ down - regulation U84 beta adrenergic receptor L%
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Propanolol "ﬁdlﬂu beta adrenergic receptor antagonist Lﬁﬂ’;“fl'a\‘iﬁ'lm’l‘il,ﬁw
incidence V84 depression ATINUTINAY thyroid hormone ﬁ P8 up-regulate beta-
receptor function W augmenting agent lunssnm depression @288 standard
antidepressant 63'01:?% beta- adrenergic receptor down - regulation 1% homeostatic
response §8 action U84 antidepressant U1NNI1 mechanism of action 28381 1A8ATI

NNIN3Z6 W beta - adrenergic receptor iunawn s ldgnaludalu
intracellular signal transduction pathways ﬁwa@iamﬂﬂé"ﬂuuﬂmlu receptor
expression , phosphorylation &g / %38 subcellular distribution ﬁlulu‘ﬁqmﬂu beta -
adrenergic receptor down - regulation

Down - regulation 984 beta adrenergic receptors 1% most consistent effect
284 antidepressant ﬁwulums?{ﬂmmo preclinical fulun3ansINg clinical vl@i”w“@

19 down - regulation a4 alpha 2 adrenergic receptor lag antidepressant 628 8814
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chronic antidepressant 411N primary antidepressant mechanism of action

Interaction of Norepinephrine with other neurotransmitters and neuropeptides7

Brain neurotransmitter system L% NE , dopamine , 5 - HT Lag acetylcholine
uasan LLa:ﬂ’mqmm‘sﬁNmmaoﬁaﬁu LL@ia:‘szuuﬂ'\aﬁoﬂmquIm factor 81 17w
CRH , vasopressin , somatomedins , neuropeptide Y , cytokines , excitatory amino acid
e N- methyl D - aspartate ( NMDA ) receptor function , LLa& brain neurotrophic
factors é’afuamy@gmmad depression LAz ﬂavl,ﬂmiaanqw’%gmawﬁaL'ﬁ'mﬁaoﬁumw
FUFauvad CNS function ez catecholamines ﬁﬁuﬂmﬂéwﬁmﬂu depression

Interaction Y83 dopamine AU NE Wae catecholamines NU 5 - HT system i}
SIUE1AVEIN1TIY  Noradrenergic denervation iladni TCAs a1nmitia
sensitization 984 forebrain neuron @8 5-HT lumMmaaadlugad  lesion 284 5 - HT
system Lﬂlu low agonist affinity beta - adrenergic receptor density a8z NE AR
inhibitory 5 - HT system 1% presynaptic heteroreceptors

CRH fiwaliia locus ceruleus firing rate a89aUNaw HousiMaaInNITLRY
CRH asmﬁva%'a ( ﬁwaﬂ,u depression ) Ul noradrenergic neurons 5914 lduaaslas
azLA8a NIINWIAEL desipramine WU189 CRH concentration lu CSF

Neuropeptide Y +Iu peptide 5n€1’mﬁa%oag’iwﬁ'v NE 1uﬂ’1§$lﬂ1:}’1é1§£l%9m
mnmss&hﬁamwaogﬂw depression  concentration U84 neuropeptide Y
immunoreactivity ANRIBENITALANLY frontal cortex WAT caudate nucleus MIINEN
%18 NRIs 1% desipramine il#aa neuropeptide Y receptor density fitdwlylésn
nunauasnafins=dl neuropeptide Y

Somatostatin ( tetradecapeptide ) wuannlu thalamus , amygdala Wag nucleus
accubens Lﬁmfa\ﬂu NE w8z dopamine neurotransmission 1%;@1&1 depression
LRAID9N1TaA CSF concentration wad somatostatin T@mﬂumswuﬁ nonspecific Lﬁ;ad
ndnsalulsamaianatudis  nsnasasld desipramine Lﬂm'zmnmmﬂwg
Wuiﬂﬁmalumﬂﬁlu somatostatin receptor 1% nucleus accumbens

Excitatory amino acid LT#% glutamate W8y aspartate ¥1191%H1% NMDA L&z
non- NMDA receptor laslidnswada monoamine transmission TINE4 dopamine
waz NE  8n1339891 glutamate system ﬁstimulatory effect laaasany noradrenergic
neurons. 8¢14913f@1% interaction 329 excitatory amino acid waz NE Anaef

wzfinmdald lumadusingaas depression
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Effect of Norepinephrine on Intracellular Signal Transduction Pathways

Wachtel WuU71 dysregulation W84 neuronal second messenger function
Lﬁlmﬁa\‘iﬁu depression lasanuRaUnfves major second messenger system
lu CNS fnaaa adenylate cyclase pathway LLazLﬂI&I phospholipase C pathway
activity

ﬁamﬁjﬁuimﬁ beta - adrenergic receptor e down - regulated 371N13
$nn@ay antidepressant W§A59v AT AN CAMP ﬁﬂﬂgﬁmnﬁw signal
transduction &137LAN CAMP lap@saitu Ny phosphodiesterase inhibitors L%t
rolipram LRY papaverine ‘W‘mfﬂﬁrmﬁg antidepressant T19Laniae uaﬂmn‘f: second
messenger pathways ?Jiu LT phosphatedylinositol pathway ﬁﬁﬁhmﬁlmﬁad lagny
71 inositol precursor W84 second messenger system <ad inositol phosphate A%
NowiIn g lanalun1Ishen depression

a;ﬂﬁﬁmil,ﬁu CAMP levels v liAans antidepressant oL AAR WM TR

cAMP response element - binding protein IS neurotrophic factor production

Effect of Norepinephrine on Neurotrophic Factors

lunsdns preclinical Wu31 brain - derived neurotrophic factor L&z
receptor YpIah trkB L‘ﬁluﬁuﬁw ECT &7% brain - derived neurotrophic factor
mRNA fitfueions1a3uen antidepressant 1luszoziiawin

ﬂavl,ﬂm‘saaﬂrm'?;maa antidepressant mmﬁmﬁaaﬁumﬂﬁu neurotrophins
LT brain - derived neurotrophic factor &2 neurotrophin - 3  Wa284 antidepressant
ﬁawmﬁaamnmwmmmmaa neurotrophins ﬁLﬂI&I monoaminergic neurotransmission
LLazLﬂI&l survival U8y monoamine neurons

Brain derived neurotrophic factor ﬂ'ﬂLﬁIN 5 - HT neurotransmission Lazilay
N serotonin neurons 1N neurotoxin - induced damage &2% neurotrophin- 3 i
similar effects N noradrenergic neurons

Klimek WRZAME T189WINTNITANTIHIUVEI norepinephrine transporter site
1% locus ceruleus Iu;jﬂw depression ﬁLﬁU“’fi% Lﬁadmﬂﬁﬁmu‘uaa transporter
sites 1w indicator maomnﬂ'&"ﬂmmawaa NE neurons n3An®1w8d Klimek 39
ﬁgﬂﬁ’la’lﬁ]ﬁﬂ’liaﬂﬁ’m’mwao noradrenergic neurons 1 locus celureus maa;j:ﬁ’m

depression



IN1INaaaIwuIn cortical noradrenergic degeneration Lﬁmﬁa\‘lﬁumﬂﬁ@Bﬂ
depression LRZNITINEIA2E antidepressant ( imipramine ) °ﬁ3mﬁlu regeneration Va4
noradrenergic axons9

8311 antidepressant fifinszdu NE anailasiu neuronal atrophy lu&n
cortical brain I@ULﬁlmzﬁumad nerve growth factor LRzZA7 nerve growth factor
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New Noradrenergic Therapeutic Stategies in Depression ( Table 1)
PNNMNSANBILNUIM28Y NE 11 pathophysiology of depression 19397
1. NE deficiency Lﬁm*ﬁaaﬁu depression
2. adrenergic receptor function mmﬂﬁﬁmmmlu depression LLaZ
antidepressant Aanuasnuya receptor wanit
Chronic stress 813LTu precipitating factor Tu depression LLR: stress -

related chronic stimulation 84 locus ceruleus 813¥ilWiAa NE depletion



