Therapeutic Potential of Serotonin Type 7 Receptor Modulation | Encyclopedia.pub

Therapeutic Potential of Serotonin Type 7
Receptor Modulation

Subjects: Pharmacology & Pharmacy

Contributor: Kouji Fukuyama , Eishi Motomura , Motohiro Okada

Although a number of mood-stabilising atypical antipsychotics and antidepressants modulate serotonin type 7
receptor (5-HT7), the detailed contributions of 5-HT7 function to clinical efficacy and pathophysiology have not
been fully understood. The mood-stabilising antipsychotic agent, lurasidone, and the serotonin partial agonist
reuptake inhibitor, vortioxetine, exhibit higher binding affinity to 5-HT7 than other conventional antipsychotics and
antidepressants. The initially expected rapid onset of antidepressant effects—in comparison with conventional
antidepressants or mood-stabilising antipsychotics—due to 5-HT7 inhibition has not been observed with lurasidone
and vortioxetine; however, several clinical studies suggest that 5-HT7 inhibition likely contributes to quality of life of
patients with schizophrenia and mood disorders via the improvement of cognition. Furthermore, it reported that 5-
HT7 inhibition might mitigate antipsychotic-induced weight gain and metabolic complication by blocking other
monoamine receptors. Further preclinical studies for the development of 5-HT7 modulation against
neurodevelopmental disorders and neurodegenerative diseases have been ongoing. Various findings from various
preclinical studies indicate the possibility that 5-HT7 modifications can provide two independent strategies. The first
is that 5-HT7 inhibition ameliorates the dysfunction of inter-neuronal transmission in mature networks. The other is
that activation of 5-HT7 can improve transmission dysfunction due to microstructure abnormality in the
neurotransmission network—which could be unaffected by conventional therapeutic agents—via modulating

intracellular signalling during the neurodevelopmental stage or via loss of neural networks with aging.

antipsychotics antidepressants mood stabilising schizophrenia

serotonin type 7 receptor

| 1. Introduction

Serotonin (5-HT) receptor type 7 (5-HT7) is one of the most recently (1993) identified members of the 5-HT
receptor family LI2BIEIE |t has been demonstrated that 5-HT7 is highly expressed in functionally relevant regions
of the brain B4, Indeed, in the central nervous system, 5-HT7 is most predominantly expressed in the thalamus,
hypothalamus, hippocampus, prefrontal cortex, basal ganglia, amygdala and dorsal raphe nucleus [EI[RIL0L1][12][13]
(141 The predominant expression of 5-HT7 in the limbic regions provides a candidate hypothesis that 5-HT7
contributes to the regulation of memory processing, cognition and emotional perception [QILOILLI2]15][16] The
expression of 5-HT7 has been also observed in the kidney, liver, pancreas, spleen, stomach and smooth muscle
cells of the arteries and gastrointestinal tract 17, Based on these findings, 5-HT7 modulation is also considered to

be a possible therapeutic target for the treatment of peripheral organs [181119120]121]
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A number of preclinical studies have reported that 5-HT7 plays important roles in the regulation of mood, memory
processing, cognition and emotional perception by following various experiments using selective 5-HT7 modulators
and 5-HT7 knockout mice models [121[221[23][24]25][26] = Although modulating 5-HT7 is one of the targets for the
treatment of schizophrenia and mood and anxiety disorders in current psychopharmacology, unfortunately, the
clinical application of selective 5-HT7 receptor modulators has not yet been achieved (8. However, several
conventional mood-stabilising atypical antipsychotics, such as aripiprazole, brexpiprazole, clozapine, lurasidone,
olanzapine, quetiapine, risperidone and zotepine are known to be inhibitors of 5-HT7 [12[27][28][29][30][31][32][33][34][35]
[36[371[38](39][40] (Table 1). Lurasidone is an antipsychotic agent with the highest binding affinity to 5-HT7 among
mood-stabilising atypical antipsychotics 18271 (Table 1). Furthermore, a novel antidepressant, vortioxetine, which
is categorized as a 5-HT partial agonist reuptake inhibitor (SPARI), exhibits distinct pharmacodynamic profiles
compared to other monoamine transporter-inhibiting antidepressants, since vortioxetine acutely and chronically
suppresses the function of 5-HT7 [28l3141](42]

Table 1. Receptor-binding profiles of antipsychotics and antidepressants.

Receptor LUR APZ Brex CLZ oLz PMZ QTP RIS ZTP VTX

5-HT1A 6.8 5.6 0.12 124 >1000 650 432 423 471 15.0

5-HT2A 2.0 8.7 0.47 5.4 2.3 48.4 100 0.2 2.7
5-HT3 >1000 630 241 57 >1000 >1000 >1000 472 3.7
5-HT7 0.5 10.3 3.7 18.0 365 0.5 307 6.6 12.0 19.0

H1 >1000 27.6 19 1.13 1.2 692 11 20.1 3.21

D1 262 >1000 160 266 100 >1000 712 244 71.0

D2 1.7 Lhe) 0.3 157 52.3 0.3 245 3.6 25.0
Reference [27] (28][29] [39] (31132 [33]143] [34] (35] [29]36] 37 (38]

otes: lurasidone (LUR), aripiprazole (APZ), brexpiprazole (Brex), clozapine (CLZ), olanzapine (OLZ), pimozide
(Pl\e/lzﬁrgur(‘atiapine (QTP), risperidone (RIS), zotepine (ZTP) and antidepressant vortioxetine (VTX) against
sergand) (PAITZyoenbiclo-5T dhtvve RA; (VayESR), Byp8aatichéR), Taad; typeirdhahk()Rece @loniigjeofiae H1
(HInoreitemtmnasittoedrnioce e 130 apbaitdlyDatkecctequdienytaieoayielaidiivaios. @1em.

1993, 268, 23422-23426.

|2.20\Brrt%%|, inical Findings.ahauttherapeuticRotential of 5-+HT7
M&Qu\lﬂtﬂ% A.L.; Siegel, B.W. A novel adenylyl cyclase-activating serotonin receptor (5-ht7)

imBIicated in the regulation of mammalian circadian rhythms. Neuron 1993, 11, 449-458.
2.1. Depression

3. Ruat, M.; Traiffort, E.; Leurs, R.; Tardivel-Lacombe, J.; Diaz, J.; Arrang, J.-M.; Schwartz, J.-C.
Molecular cloning, characterization, and localization of a high-affinity serotonin receptor (5-ht7)
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Theetivatingeaifvl foiysalinicaP fawtiNab! AHTY Gat loGiAie98! AR8EATHEEES. 2. In this context, 5-HT7
. . . [ﬂ] . . . . . .
Y IOURER FRoRRRTEEE e AOR NSRS PR RSB o g oreaden
s 25 e, mlucics of L, 82 ISIRIoN 5 RPRIGHIE. DSOS B Tbd i soons
SB%_%?&? [401[42][46][47] jhcreased latency in the onset but decreased the total amount of time spent in rapid eye

—18204.
movement sleep 8. A number of antidepressants also increased latency in the onset but decreased the total

anBiatHamE HertAnas djelmRAREn Bedp, BiRasr B-Eattvarmacnlogy and therapeutic potential of
the 5-ht7 receptor. ACS Chem. Neurosci. 2018, 10, 89-1109.

BRI heK e Ry s ek IR S 8 St R O HE S "B By PG DS o ALKES! B Veth 2!
SR A RN e R R R LTSI 2 h 07 1R CRtara T dit a5 B fo SEATEIT B B SN feeteasing
mn&tbbilgy Egﬁ igggﬂgggrled to correlate to antidepressant action in humans) 2259 Based on this finding, 5-HT7
inhibitors/antagonists were actively explored and developed as antidepressants in the early years of this century.
IBdAabNYSaA-itiaseePaisCoi YamTEraREaRaFHMI- 1/ RBNRNRAGKBLIRY RRlE ff BRahIireCaRIQki
susheMifoRaRYR! BENOMS Y SteRR ARt FaRIaRiaIHS 18:l I PR ARG SHYE S MRINBUrakigho AR the
adfliRistraBore8fsubeffective concentration of SB269970 enhanced the anti-immobility action of subeffective doses

9. qF EetiR@s e TCtEIARIAEL 86R, TRIP RTIRE RS farsR SHIMPIK Kl RUSRE S IR 13k R, RA-M: MRRhPatRbIY.
SBRICEAVRPRRESS: HRARAG D tREIG ettty sRsaNt pkR relsdht AlRgtAnuplbectomised models,
whw%&%m%éeofgweémo}5@72§s]_@73%<wlt, 5-HT7 inhibitors were anticipated to join the rapid onset

antidepressant class, since it is recognised that one of the major problems of monoamine transporter-inhibiting
it BNk o RS AN e erinf RIS RI b s R AR As hEARG R e L3AWE STt the onset
of &rEHONESAPANRS TRE TR e JAINAGH Mo /a8 R RIS PGSR e oSS s,
Injection RCHeRERSYRY IR P mQﬁWoacBhﬁp[l\Jlg %@r%pﬁré aacn%lge(yezsg%r%ﬂﬂtglaél%ﬁy_ T8e forced swim test 155,
lioje¢tipicd B ER6BTOrame ahe latirRionz g nularCrisising |adiorPede] a4shap ity dOXTiagerotonlise rexepited
antiflepmelstratstkacagtialtp lagtiwiepofiealioTiiogitthe-roediaB ehefioid urotex. RGIM, 8f 3180odel, conversely,
displayed the enhancement of depressive-like activity 28571 AS19 a 5-HT7 agonist, demonstrated the opposite
11. Gocho, Y.; Sakai, A.; Yanagawa %;éﬁﬂ.ﬂ(l, .; Saitow, F. Electrophysiological and

region-dependent effect against SB2699 2L, , , )
gpharrr?acologlcal progpertles of gabaergic cells in the dorsal raphe nucleus. J. Physiol. Sci. 2013,

2.2 ANKiety "

12. Okada,_ M.; Fu_kuyama, K.; Okub(_), R.; Shiroyama, T.; _Ueda_, Y. Lurasidone sub-chronically .

The, BT LGRS gicHTdn S ASKISH VIS BRISERLH, Dol Y SISEDk 'S REM R L BRSSP AIGRL and
mo‘%?)’l"?é Rl?é?gbzgl éwgﬁﬁagigﬂlﬁléé%tﬁﬁlasiffldf@_ression. Expression of 5-HT7 mRNA increased by acute

restraint stress but not by chronic variable stress in the rat hippocampus, indicating that 5-HT7 contributes to the
TRyl TeshBFRHE o Ktrd20BaNQs Fevdrd ¥ Ehder LROBRIAR M il AR ARy fan PERAP L Ee il
ma$2 141 nYY- 2R BIGH A PF PRAb R RPEP kLG AHRlE ROE DL IBHMINES IS RIS  Gnxiolytic-
Iikeuﬁml%?%%mt(%ﬁ%%}é%{b %(r?&%téxyﬁlaﬂ&?a%%ﬁro@%’ éél)’rﬁm%‘f’r%tions) was demonstrated by the
IMogRlIsERkiNg fafbrdh& pleveisthiies, Bazgetrdbancetie ; lawbheteids. kestTztsoh BetA $8268970 and 5-HT7
knaggidnsisecirimeaniseiegtamie Miarke seivd¥rsrdhmmariedyignadesisvaction mameahe serigly and
Obslﬁéi&ﬁoﬁipﬁ}ﬁ’dil'ﬁ@@ EGE iﬁ'lfeM@W@§WM@§R@§@@€%PW&@Q@Q@QtE@', ane phaymacological

experiments suggest that the level of 5-HT7 inactivation required for anxiolytic effects is probably dependent on the

15. Zare| N.; Papath | ts of 5-ht-7r tor li memory and
r%o eﬁ ﬁ?f.‘%ggtir? cSther’wo{?1 s?ap%?gr?rll’g eosqﬁ% icn:hiEﬁgr? r%a?y t?e beneflec(lzaﬁeocr) an%%l}tlg gfpects? ory a

cognition. Neurobiol. Learn. Mem. 2016, 136, 204—-209.
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18.DISohizophaerdava, T.; Fukuyama, K.; Shiroyama, T.; Okada, M. Current limitations and

candidate potential of 5-ht7 receptor antagonism in psychiatric pharmacotherapy. Front.
A WW@E@W&C%%%@S‘%M?S reported the therapeutic potential in components of positive and negative
symptoms and cognitive dysfunction of schizophrenia using chemical-induced schizophrenia models. Compared

1vziTthc\)/Wt?—Yy%%urJnr%é,PS;-I-NPP%BC Cc?urt]cr)ﬁi% ;Wl_é(raeir]éé‘s' ;s§gégggﬁe‘1b6m;elbﬁl\§%r}n elFJ%Io-Ir;' ;d|é|hecc&lsu QP pf%ﬁCyclidine (62,
sa BaGoHAaN RN AR R RGN RAIGR T S Ry G XY RIRABHOG T SR  yhereas the
effe R HIRR A GRS, S T R AR A R e R A8 G R AR Bdne-induced
pre%&rs%qﬁ%ﬁigﬁcc?eqﬁg{ss [@{e HLEP 8.%!%% % e%?‘t‘hols%‘]ih l(J)cle_ g‘ylan NMDA/glutamate inhibitor, phencyclidine or

T taEaiie 2225 ShwkveL.irfB2258 TN, G5HTP aantageniswedid InOt ; afest) the.; dregh ekaRinGiadueed Demdse
inhigittostchefiditsh it oxpivigsisan iplee pepehiditesitidsatbpreihulae ddbitiontieinitiietatieahiperifidesrsimggative
synipstere Assicialob Vi rresiaPeilsragalesreztznuated by SB269970, but not affected by SB-258741 [65li66],

The_effects of SB269970 on positive s_|§/m£toms are possibly involved in dopaminergic transmission but not in
19. Tzirogiannis, K.N.; Kourentzi, K.T.; Zyga, S.; Papalimneou, V.; Tsironi, M.; Grypioti, A.D.; _
glutamatergic transmission, whereas, conversely, the effects of SB-258741 on positive 'symptoms are possibly
~Protopsaltis, I.; Panidis, D.; Panoutsopoulos, G.I. Effect of 5-ht7 receptor blockade on liver
involved In glutamatergic transmission but not in dopaminergic transmission. Furthermore, social withdrawal
~ regeneration after 60—70% partial hepatectomy. BMC Gastroenterol. 2014, 14, 201.

induced by NMDA/glutamate receptor inhibition is prevented by SB269970 but not by SB258741. These
28)s Su6ddaieB Hetlidn\s B Jdourertake sA 2oLy cduIdKRE Derexiai e dSShiRdN a&de proi-biAwIFRNeG(ilBs; alone,
sindftagse oy dviegHitish My aeptong aandythe St 7, regep b hedinkrbddtear hepalpgytesgdebtlhat

the &M@ GHNGHES HEH 690 U00SINH 88188 MIMPESP CBANIR [dS6éNnd BB I h84AaB8RBIs (pharmacological and

ﬂ?@%ﬁ?&ﬂ%‘?‘ﬂ%@éﬁ@?&@ @d WF@%mRWHe% Jeon, Y.H.; Jeong, H.; Kim, S.J.; Nam, T.G.;
Jeong, B.S.; Kim, J.A. Tryptophan h¥dr0_x lase 1 and 5-ht(7) receptor preferentially expressed in

On the other hand, the effects of 5-HT7 inhibiton on neurocognitive dysfunction (procagnitive effects)
triple-negative breast cancer promote cancer progression through autocrine serotonin signaling.

demonstrated its promise. SB269970 attenuates amnesia in short-term memory induced by ketamine and MK801

ol. Cancer 2016, 15, 75. _ S
(6710581 "and this effect was suppressed by AS19 62 The new valuable tool for exploring the neurobiological bases

2a. Hepitivg, dydRuntligiran-Rasepaignia, ; ierfikrensSidl ; roattbffaindeGraBkhlihdReeRiQitiaibiti OR itk se
inhiliaehlvabighitid ueganyideRreasairtlikeg behwyialcanshsiees natessBimy7 6 syiphiasy BRe0mpadndal of
wor&ihg- memory and impulsivity, without affecting premature responding induced by MK801 29,

23. Wesolowska, A.; Nikiforuk, A.; Stachowicz, K.; Tatarczynska, E. Effect of the selective 5-ht7

| 3:cClinicabEvaluation 0f 5-HT% Modulators ression. Neuropharmacology

2006, 51, 578-586.

3.1. Vortioxetine
24. Schmidt, S.; Furini, C.; Zinn, C.; Cavalcante, L.; Ferreira, F.; Behling, J.; Myskiw, J.; Izquierdo, I.

vorlitedtiatienafiricerassdistatiaonand teansselifiatmohteatinearansydnethnapitifesaid SREERAS; its
anti®GRpiesat Neideposaniayht Neurekigloheatt. Menis2MbhoddihedGabsborter inhibition but also 5-HT7
28Ny, R dmALAEOVPL YAGIEEHTR 0. T HE Tdhe BBy PR BRLR A P rieBB SR TR rgn SHTLA
a”dp%‘éﬂc?y%?fd%fﬁ?dﬁfé%"&"ﬁé@%ﬁ%}&"&%%%@H RISH GEYRIPIXGNS .W%H%?PX&&'BP“E%&&H%EWz%%Hﬁ 338,

3.2 Lurasidone

26. Costa, L.; Spatuzza, M.; D’Antoni, S.; Bonaccorso, C.M.; Trovato, C.; Musumeci, S.A.; Leopoldo,
A HPOT-S0ItSINE . ABURSYREON . GIB raHIRSI{ON&cROSTRIT T 80Rt1GBRSToRIRCRS N réetdds’ among

antipsychotics (27 (Table 1). Several meta-analyses reported that lurasidone significantly improves positive and
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neganiita taiogsie el Lkamnyaben se BB RIME d iEttec foym apidc gl astitibfficani| ditypesuhchénfol knookatrhent of
schinipiyeniandslebofifiagiets sgncomeaBiokoPyichiaty&04Rpiédl, 824bs9BBotics 8. Meta-analyses also
2P SRR 1171 OHESHRN T Aok RACREI RS oS SORBRIE 15, d0RT, . WiSlomsets: o
RN B PR S S NS BRBBIGB SIS of lufd dEi5ah Aegeiione n he
el SRR RS IR BRtER: B RCRS RS BEARRNE"Y G Mo Lo LOMRA IR ol e e
rep&rﬁ%{jrinq 5(@8‘?%%&'%%?2%]1 6|k§3\£rtio}<fﬂagfhe rapid onset of the antidepressive effects of lurasidone have
not been demonstrated [Z5/i80[81](82(83].

28. Shapiro, D.A.; Renock, S.; Arrington, E.; Chiodo, L.A.; Liu, L.X.; Sibley, D.R.; Roth, B.L.; Mailman,

| 4, ARG BRI ASSoEiate Wity ST

europsychop
U pelise Haenta of SatFAereariiskenifies die aq Weisatisiltot e HE I eRfpRNS RN 2l Sipede der@nsdn the 5-
HT i gpBRdBrEd0E SafiyaaRdTehmig attiEik inissieniss 2ad-&ridbfaiZet ToLae bimEelinibumara. B3I

B hdtaf thanes. Devspiping, vsiangsditesly affect three intracellular signalling pathways via activations of

Gas, Gal2 and metalloproteinase-9 BIEARY Sjgnificant differences amonlg 5-HT7 splicing variants in localisation,

. M K.; ino, H.; Ak .. Am N.; Shim ; m T.; Yamashita, H.;
?’I%an(ﬁgiﬂgi’ng ’a%ilfllﬁl %’nd éder?y gf\évai:’yc ase a%g\%ty h’a§e|noetldgéé]n’ olcl)gg’rvel'ga@, \’Nhgregs? SIEa’“Wa’ !ggform

specticaly A0St e Mo i BAMPRIZO G Dyt and B o sharacterizaton of 3 novels
SIS opamne actly madulater 3. Eharmacol Exp, Ther 014, 550, 589602
31. Su, T.P.,; Malhotra, A.K.; Hadd, K.; Breier, A.; Pickar, D. D2 dopamine receptor occupancy: A
ACiOs0 b PUdI pRiishast PSRRI INE QYIRHCCREILAPTTRE tREIRQHN A REH ez IHYED ¥ ip ardivesoareh adsaly!
CyC%?éﬂidwm, euMBartigatgs signalling of both protein kinase A (PKA) and the exchange protein directly
activated by cAMP (EPAC) 020921 These two signalling pathways affect various signalling transductions via

32. Meltzer, H.Y. The mechanism of action of novel antipsychotic drugs. Schizophr. Bull. 1991, 17,
phos %or Iatllz)ln of target proteins, leading to t%e propagat'fé)n 3(/)? the &gnaﬁlng to t%e Fglextl?Blljochemglcal events.

Subzsegaer%Yy, enhanced PKA stimulates cyclin-dependent kinase 5 (Cdk5) 199 and Ras [28184] resulting in
3rireftherunier; dxtalanis@r sivhalmedoesed . kin@ids JAVK) Blimalihg Hotiviamnl S36H, R¢tMegenst, BPAC also
indifipiiglce Wi Skr dbarsign iy BiE¥bveny stoaw tetradiai pietiedy drgiilnan ddeivative sras@utestiale-

deferagetspeeirukingsy ko rkpl2 28 AgiaIn e ryCron a0 dod oad 28R

31£'1v'voE Iot_ a}acri’tgip;)élti&oé’gnlvle{ [ihgT%I&%g% eg]%igc:ﬁlgl{lﬁ%?cvmzrg paﬂégnui(?én%i#%y 8?1‘32'%3% Or];utatc]a loproteinase-9
T e e Mt B o A R ) S P e I
actis)aqgs? ls{gllw% ir?g}%ét%gv]égé %ggdc?aqg& 9w9th Gal2 99 |n addition, it is recognized that 5-HT7/Gal2 activates both
3Rad bpezidduroz, famillarmober. AEhe\eth balithasienantideposss a2t (duge) PEEYole of norquetiapine
in the mechanism of action of quetiapine in the treatment of mood disorders. Front. Psychiatry
It hagpgen esplished that the serotonergic system plays crucial roles in the organisation of the neural system,
such as gene_ration of neuro enesis, CeII_ migration, axon %u_idance, dendrit_ogen(_asis,_ synaptogenesis and brain
Gt R AR e QRS Y i A2 BB IS s b O DI K LGN S RETIARRE ot
i eSO A e g M P O M ea B MRS Ot it and
ma%lteGr]%F%g Z)?'neural connectivity and synaptic plasticity in early developmental stages 192, In other words, the
éofsaihatieo of Hemsisien nkdFohGauniedoead By ; -0y e play¥. ihpMeamGolspel ey lsgsagss frdviDmnd initial
nedrooaen&wdrkisenatbk, Wispe iidiiectageperedenttieiney sinc-natd rend duantipsyichiatiictyLigsthin early
dewdispnaardainsizye Eedé¥tor binding. Psychopharmacology 1996, 124, 57-73.
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P BaEffectsnof xHT7. ondNeuwronabTransmisgionk.; Jensen, K.G.; Zhong,
H.; Nielsen, S.M.; Hogg, S.; Mork, A.; et al. Discovery of 1-piperazine (lu aa21004): A novel

BelaviRHR G DO POIRHAGH thatrefm &P efavaloF el d[sRiawdd s raen I oMediecHahit 201y, seking
behgwipeLapg pllocentric spatial memory L9, Electrophysiological study also demonstrated that 5-HT7 knockout
mice exhibited_imﬁaired hi[:_)pocampal long-term potentiation B2, In addition, 5-HT7-induced activation of PKA
SS%gr%h%gae’_n <j51’ncoedIJ lt\)l(-)r’ngﬁyfgkg%%wg%é%NM%wﬁé\%%% Scliljpr%mgnrlggd\}{naclt}\vt tg Seﬁﬁg%}:%pn%r I%f population

ransmission vi nsitization of serofonin 5-htla r r with 5-ht3 r r inhibiti
spilEea asmp\ﬁﬁ e an% dt?usr%tir?gt %%@en%ys?no Cl)ppoc5am;t)a? CeA(\:le pé[l%d CtA3 retg?for?sc,:e etgpectﬂlgl); M@

Int. J. Mol. Sci, 2 2 2
Furtn(terr%ore%-ﬁ% agtil\'/gatesoﬁigpc?campal transmission postsynaptically due to enhanced phosphorylation of the

40viekataaivhicFekayamiadiced) byla A¥IR/orasdase dnéebils mendaigling mateia{GREB) stignelliog dL0(110],
Additinatity) al e bnesveedity ohthalamEppetisahglstanater githtnaeahoissitnoiicabdit/reeepoto(lBiciky dks!.
Br. J. Pharmacol. 2019, 176, 4002-4018.

Activation of 5-HT7 during adolescence induced persistent upre%ulation of 5-HT7 3. Chronic exposure to

41. ada, M.: Matsumoto, R.: Yamamoto, Y.: Fukuyama, K. cts of subchronic administrations of
met %pﬁem&gtel\gurﬁng postriatal I\lée and a(}olescence p}gibaay provﬁd‘ees persétent structural rearrangements of

vortioxetine, lurasidone and escitalopram on t mocortical glutamatergic trapsmission
the brain’s rewarolJ pathways assouate(?l WRFI o-HT7 @9 During %we re- anad Pperlo S, exposure to

stnatal

seltaaciﬁlgcslg;[gt%mtpea&% te(z) %'Htﬁfcﬂgg@%‘? t%%r'lérqg'-t%'rrw glfx%%'fir% 21 a'l‘rh%zobllv%:[{]é'ut affecting the morphological
43tdratkunganiathi . pMiotdbliEds] ETh8 hinolgamar, e Okada) Mndmiyact 6f15Hitihdecaptamindelise dagarisies
newitdarasidodendritin apbaEmelergatidri paidite/symafitivdsansinissionzand patbephysiotogy ahtbwenrisll

regohevatight&ainh Bidone dhfinaransoaithesT 2022 elhdal hRiEBALy during early development are not limited to
AP BRI BAY RS o TSP RIS, ARSI . BP0l S TS R ATVE N .; seeman, P
At B g e g, R o AR P SOl AlaNZaRING, suppression of 5-
Neuro sy?hogharm cology 1996, 14, 87-96. . . . . :
HT7, conversely, improved other-cognitive components, such as executive function, which play important roles in
I Bl enkie. MrAdjtiBickar énkakces ubestdaic ali sioilzuioargit Sritimiasid-beh idopaceptonsd asth é rineuigental
corguxpiedinias nbatiblotkeldrl of IDE amtheN eemohl 209heAR, 34 -8388considered to be key players in the
- . - . . [Q] -y - -
ABRYSHI S 2 AR PN MG SIaR ROt Sl SR M s . PRGN A 878 ¥E oY Aaggterare
transmission are considered to play important roles in neurocognitive function [22][114]115][116]
46. Shiroyama, T.; Fukuyama, K.; Okada, M. Distinct effects of escitalopram and vortioxetine on
Toréstpgpialkct¢dtitand th aleasertss agindechisiticcoamexssid lms Jobdaldscin 20RikpRRehROXRHD and

tis , [1211391115][1161[117][118][110][1201121][122][123][124]1125][126] (Qther 5-HTZ molecules. s roup. 1l_and Il
4a/lf 'l?/fghe, C.:; Loetscher, E.: Feuerbach, D.; Muller, W.: éhel er, M.E.;rgcﬁoe?ﬁér llg.kbﬁfer%nﬂgl Inverse

U LRSI 5 NG DERTT LRIPLS SO SR SRBIRRY BRSO AR o REF
Iderr]g]?:eedptors. Eur. J. Pharmyé%l.%B%‘ﬂ?%&h"@%ﬁ%ﬁe of neuronal networks is affirmed by lesion studies
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