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Se�ro�to�nin�ske�re�cep�tor�je�so�od�kri�li�že�v�pet�de�se�tih�le�tih�prejšnje�ga�sto�let�ja.�Čez�de�set�letja
so�od�kri�li�več�ti�pov�in�pod�ti�pov�teh�re�cep�tor�jev�ter�že�leta�1988�klo�ni�ra�li�re�cep�tor,�danes
ime�no�van�5-HT2A.�Izražanje�tega�re�cep�tor�ja�je�pri�sot�no�v�več�tki�vih,�vključno�s�pre�bavnim
trak�tom�in�trom�bo�ci�ti,�ven�dar�se�ga�da�nes�obrav�na�va�večino�ma�v�sklo�pu�osred�nje�ga�živčevja,
kjer�se�izraža�v�neo�kor�tek�su,�hi�po�kam�pu�su,�amig�da�li�in�možgan�skem�deb�lu.�Igra�šte�vilne
po�memb�ne�vlo�ge,�med�dru�gim�je�vple�ten�pri�čus�tvo�va�nju,�mišlje�nju,�pom�nje�nju�in�zaz�-
na�va�nju�oko�li�ce.�Ena�od�glav�nih�značil�no�sti�tega�re�cep�tor�ja�je�spo�sob�nost�ak�ti�va�ci�je�več
zno�traj�ce�ličnih�sig�nal�nih�poti�v�od�vi�sno�sti�od�ago�ni�sta,�ki�je�ve�zan�nanj.�5-HT2A�je�ver�-
jet�no�vple�ten�v�pa�to�ge�nezo�ne�ka�te�rih�dušev�nih�mo�tenj�in�ne�vro�loških�bo�lez�ni,�pre�ko�nje�-
ga�pa�de�lu�je�jo�ne�ka�te�ra�zdra�vi�la,�ki�večino�ma�spa�da�jo�med�an�tip�si�ho�ti�ke�in�an�ti�de�pre�si�ve.
Nanj�de�lu�je�jo�tudi�šte�vil�ne�eks�pe�ri�men�tal�ne�spo�ji�ne�in�re�krea�tiv�ne�dro�ge,�ki�močno�vpli�-
va�jo�na�za�vest.�Poli�mor�fiz�mi�gena,�ki�ko�di�ra�5-HT2A,�so�bili�pred�met�šte�vil�nih�ra�zi�skav,
v�ka�te�rih�je�bil�ra�zi�sko�van�kot�možni�de�jav�nik�tve�ga�nja�za�raz�voj�ne�ka�te�rih�bo�lez�ni,�nje�-
go�va�vlo�ga�in�izražanje�pa�sta�ver�jet�no�spre�me�nje�na�pri�do�ločenih�ve�denj�skih�vzor�cih�(sa�-
mo�mo�rilno�ve�de�nje)�in�ne�ka�te�rih�bo�lez�nih�(Alz�hei�mer�je�va�bo�le�zen,�shi�zo�fre�ni�ja�in�dru�ge).
Kljub�na�ve�de�ne�mu�po�men�se�ro�to�nin�ske�ga�re�cep�tor�ja�2A�v�osred�njem�živčevju�os�ta�ja�ne�-
po�jas�njen.
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Seroto�nin�re�cep�tors�were�first�dis�co�ve�red�in�the�1950s.�Over�the�cour�se�of�de�ca�des,�se�ve�ral
types�and�subty�pes�of�the�se�re�cep�tors�were�dis�co�ve�red,�and�in�1988�the�re�cep�tor�na�med
5-HT2A�was�clo�ned.�The�ex�pres�sion�of�this�re�cep�tor�is�pre�sent�in�se�ve�ral�tis�sues,�inclu�-
ding�in�the�ga�stroin�te�sti�nal�tract�and�pla�te�lets,�but�now�it�is�mostly�stu�died�in�the�cen�-
tral�ner�vous�system,�whe�re�it�is�ex�pres�sed�in�the�neo�cor�tex,�hip�po�cam�pus,�amyg�da�la�and
the�brain�stem.�It�plays�an�im�por�tant�role�in�the�mo�du�la�tion�of�many�func�tions,�inclu�ding
emo�tion,�rea�so�ning,�me�mory�and�per�cep�tion�of�the�en�vi�ron�ment.�One�of�the�main�fea�tu�-
res�of�this�re�cep�tor�is�its�abi�lity�to�ac�ti�va�te�se�ve�ral�in�tra�cel�lu�lar�path�ways�de�pen�ding�on
the�ago�nist�bound.�5-HT2A�is�li�kely�in�vol�ved�in�the�pat�ho�ge�ne�sis�of�certain�psychia�tric
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za�ve�li�ko�sku�pi�no�več�ti�soč�bolj�ali�manj
podob�nih� tran�smem�bran�skih� be�lja�ko�vin.
Neka�te�re�ima�jo�značilno�zgrad�bo�sed�mih
tran�smem�bran�skih� he�lik�sov,� ime�no�va�nih
tudi�hep�ta�he�li�kal�ni�re�cep�tor�ji,�ki�pre�našajo
sig�na�le�ko�mu�ni�ka�cij�skih�mo�le�kul�iz�med�-
ce�ličnine�v�no�tra�njost�ce�li�ce�in�so�de�lu�je�jo
pri�ho�meo�sta�zi�na�vseh�rav�neh –�od�urav�-
na�va�nja�vode�in�elek�tro�li�tov�do�vlo�ge�pri�ve�-
de�nju�živa�li�(16, 17).�Nor�mal�no�de�lo�va�nje
osred�nje�ga�živčevja�je�v�ve�li�ki�meri�od�vi�-
sno�od�GPCR.�Ni�to�rej�pre�se�net�lji�vo,�da�so
mno�gi�GPCR�vple�te�ni�v�pa�to�fi�zio�loško�do�-
ga�ja�nje�šte�vil�nih�dušev�nih�in�živčnih�mo�-
tenj� ter� bo�lez�ni.� Te� be�lja�ko�vi�ne� so� tarča
večine�naj�po�go�ste�je�upo�rab�lje�nih�zdra�vil�pri
zdrav�lje�nju� nevrop�si�hia�tričnih�mo�tenj� in
v�me�di�ci�ni�nas�ploh�(18, 19).�Edi�ni�pred�stav�-
nik�se�ro�tonin�skih�re�cep�tor�jev,�ki�ne�spa�da
med�GPCR,�je�se�ro�to�nin�ski�re�cep�tor�3 –�za
ka�tio�ne�(Na+,�K+,�Ca2+)�pre�pu�sten�io�no�tro�-
pični�ka�nal�(angl.�li gand ga ted ion chan nel),
ki�se�ob�ve�za�vi�se�ro�to�ni�na�od�pre�in�sproži
de�po�la�ri�za�ci�jo�ne�vro�na�(20).

Seroto�nin�je�pr�vič�opi�sal�ita�li�jan�ski�znans�-
tve�nik Vit�to�rio�Ers�pa�mer�leta�1937,�ko�je�pri�-
ka�zal,�da� iz�vleček�en�te�ro�kro�ma�fi�nih�ce�lic
krči�črevo.�Do�ta�krat�še�nez�na�no�snov�je�poi�-
me�no�val�en�te�ra�min�(21).�Leta�1948�so�ame�-
riški�znans�tve�nik�Mau�ri�ce�M.�Rap�port�in
so�de�lav�ci�iz�se�ru�ma�izo�li�ra�li�snov�z�močnim
va�zo�kon�strik�cij�skim�učin�kom,�ki�jo�je�poi�-
me�no�val�se�ro�to�nin�(tvor�jen�ka�iz�se�rum�in
to�nus)�(22).�Leta�1952�se�je�iz�ka�za�lo,�da�je
to�ista�snov�kot�en�te�ra�min�(23).
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and�neu�ro�lo�gi�cal�con�di�tions.�The�the�ra�peu�tic�ef�fect�of�cer�tain�drugs�is�partly�me�dia�ted�through
this�re�cep�tor.�The�se�drugs�are�mostly�an�tipsyc�ho�tics�or�an�ti�de�pres�sants�by�class.�The�re
are�many�ex�pe�ri�men�tal�com�pounds�and�re�crea�tio�nal�drugs�that�in�du�ce�al�te�red sta�tes�of
cons�ci�ou�sness�that�work�through�this�re�cep�tor.�Poly�morp�hisms�of�the�5-HT2A�en�co�ding
gene�have�been�the�sub�ject�of�nu�me�rous�stu�dies�as�a�po�ten�tial�risk�fac�tor�for�the�de�ve�-
lop�ment�of�cer�tain�con�di�tions,�and�its�func�tion�and�ex�pres�sion�are�li�kely�al�te�red�in�cer�-
tain�pat�terns�of�behaviour�(sui�ci�dal�behaviour)�and�di�sea�ses�or�di�sor�ders�(Alz�hei�mer’s�di�sea�se,
schi�zop�hre�nia,�and�ot�hers).�Des�pi�te�all�avai�lab�le�know�led�ge,�the�im�por�tan�ce�of�5-HT2A in
the�ner�vous�system�re�mains�unexplained.

UvOD
Se�ro�to�nin�ali�5-hi�drok�si�trip�ta�min�je�en�do�-
ge�ni�mo�noa�min,�ki�ima�v�or�ga�niz�mu�višje
raz�vi�tih�živa�li�vlo�go�lo�kal�ne�ga�hor�mo�na�in
živčnega�pre�našalca,�v�dru�gačni�vlo�gi�pa�se
po�jav�lja�tudi�pri�rast�li�nah�in�gli�vah�(1–3). Iz�-
hod�na�spo�ji�na�pri�bio�sin�te�zi�se�ro�to�ni�nav�člo�-
ve�ku in�os�ta�lih�živa�lih�je�esen�cial�na�amino�-
ki�sli�na�trip�to�fan.�Stop�nja,�ki�ome�juje�hi�trost
sin�te�ze,�je�hi�drok�si�la�ci�ja�trip�to�fa�na�v�5-hi�-
drok�si�trip�to�fan�(5-HTP),�pro�ces,�ki�ga�ka�ta�-
li�zi�ra�en�cim�trip�to�fan�hi�drok�si�la�za.�Po�de�-
kar�bok�si�la�ci�ji�s�po�močjo�en�ci�ma�trip�to�fan
de�kar�bok�si�la�za� na�sta�ne� iz� 5-HTP� se�ro�to�-
nin (4).�Raz�grad�nja�se�ro�to�ni�na�po�te�ka�ve�-
čino�ma� na� zu�na�nji�mi�to�hon�drij�ski�mem�-
brani s�po�močjo�en�ci�ma�mo�noa�min�ok�si�da�ze
(MAO)� (5).� V� zad�njem� času� se� se�ro�to�nin
ome�nja�sko�raj�iz�ključno�v�po�ve�za�vi�z�osred�-
njim�živčev�jem,�kjer�so�de�lu�je�pri�urav�na�va�-
nju�spa�nja,�pre�hra�nje�va�nja,�čus�tvo�va�nja�ter
višjih�živčnih�funk�ci�jah,�kot�sta�pom�nje�nje
in�učenje�(6–8).�Po�jav�lja�se�si�cer�tudi�v�drugih
(pe�ri�fer�nih)�tki�vih�(9).�Tam�ga�naj�več�najdemo
v�pre�bav�nem�trak�tu,�kjer�ga�iz�ločajo�en�tero�-
kro�ma�fi�ne�ce�li�ce,�ter�v�krvi,�kjer�ga�ko�pi�čijo
trom�bo�ci�ti�(10, 11).�Iz�ven�osred�nje�ga živčevja
so�de�lu�je�pri�vzdrževa�nju�ho�meo�sta�ze�glu�-
ko�ze,�pri�he�mo�sta�zi,�vnet�nem�od�zi�vu�in�ce�-
lje�nju�ran�ter�pri�re�mo�de�la�ci�ji�tki�va�(12, 13).

Se�ro�to�nin�vpli�va�na�ce�li�ce�pre�ko�se�ro�-
to�nin�skih� re�cep�tor�jev� (14).� Sko�raj� vsi� se�-
rotonin�ski� re�cep�tor�ji� spa�da�jo� v� sku�pi�no
z�G-pro�tei�nom�po�ve�za�nih�re�cep�tor�jev�(angl.
G-pro tein cou pled re cep tor,�GPCR)�(15).�Gre



Leta�1953�sta�Twa�rog�in�Page�do�ka�zala
pri�sot�nost�se�ro�to�ni�na�v�osred�njem�živčevju
pod�ga�ne,�psa�in�zaj�ca�(24).�Do�kon�ca�de�set�-
let�ja�so�že�od�kri�li�se�ro�to�nin�ski�re�cep�tor�in
nje�go�vo� he�te�ro�ge�nost;� Gad�dum� in� Pi�ca�-
relli�sta�leta�1957�na�uni�ver�zi�v�Edin�bur�gu
pri� svo�jih�po�sku�sih�na� ileu�mu�mor�ske�ga
prašička�ugo�to�vi�la,�da�mor�fin�blo�ki�ra�ne�ka�-
te�re�učinke�se�ro�to�ni�na�na�krčenje�čre�ve�sa,
dru�ge�pa�di�ben�zi�lin.�Tako�so�poi�me�no�va�li
dve�vr�sti�re�cep�tor�jev;�M�in�D�(25).�Leta�1979
sta�Snyder�in�Pe�rout�ka�na�tančneje�opi�sa�la
dve�raz�lični�po�pu�la�ci�ji�re�cep�tor�ja�5-HT, črke
sta�za�me�nja�la�za�šte�vil�ke�in�re�cep�tor�je�oz�-
načila�s�5-HT1�in�5-HT2�(dru�ga�sku�pi�na�sov�-
pa�da�z�vr�sto�re�cep�tor�ja�D)�(26, 27).�Da�nes�so
se�ro�to�nin�ski�re�cep�tor�ji�na�pod�la�gi�nji�ho�ve
ge�net�ske�struk�tu�re�in�far�ma�ko�loških�last�-
no�sti�raz�de�lje�ni�v�se�dem�sku�pin,�oz�načenih
s�šte�vil�ka�mi�1–7,�ne�ka�te�re�iz�med�teh�skupin
(1�in�2)�so�na�prej�raz�de�la�ne�še�v�pod�ti�pe,�ki
jih�oz�načuje�mo�z�ve�li�ki�mi�črka�mi.�V�prvi
sku�pi�ni� poz�na�mo� pet� pod�ti�pov� (5-HT1A,
5-HT1B,�5-HT1D,�5-HT1E�in 5-HT1F),�v�dru�-
gi�pa�tri�(5-HT2A,�5-HT2B�in�5-HT2C)�(28).
V�na�da�lje�va�nju�se�bomo�osre�do�točili�na�pod�-
tip�A�sku�pi�ne�2,�to�rej�na�re�cep�tor�5-HT2A,
nje�go�vo�de�lo�va�nje�v�zdra�vem�or�ga�niz�mu�in
nje�gov�po�men�pri�raz�ličnih�bo�lez�nih�ter�nji�-
ho�vem�zdrav�lje�nju.

aNaTOMSKa PORaZDELITEv 
5-HT2A�je�širo�ko�po�raz�de�ljen�po�osrednjem
živčevju.�Naj�go�ste�je�je�izražen�ob�končičih
se�ro�to�ni�ner�gičnega�nit�ja,�pred�vsem�v�neo�-
kor�tek�su,�po�seb�no�v�api�kal�nih�den�dri�tih�pi�-
ra�mid�nih�ce�lic�V.�slo�ja.�Re�cep�tor�ji�v�tem�delu
naj�bi�bili�vključeni�v�urav�na�va�nje�najvišjih
živčnih�funk�cij,�kot�sta�de�lov�ni�spo�min�in
po�zor�nost�(29).�Izraženost�re�cep�tor�ja�je�bila
do�ka�za�na�v�po�dročjih,�vključenih�v�čus�tvo�-
va�nje,�kot�so�amig�da�la,�hi�po�kam�pus,�ta�la�-
mus�in�en�to�ri�nal�ni�kor�teks.�Ome�nje�no�so
Shu�kla�in�so�de�lav�ci�leta�2014�po�tr�di�li�z�in
situ hi�bri�di�za�ci�jo�RNA�za�pi�sa�in�be�lja�ko�vi�-
ne�same�(30, 31).�Recep�tor�se�po�jav�lja�še�na
ana�tom�sko�bližnjih�možgan�skih�struk�tu�rah,

kot�so�je�dro�ol�fak�tor�ne�ga�živca�in�deli�ba�-
zal�nih�gan�gli�jev�(nuc leus ac cum bens in�nuc -
leus cau da tus)�(32).�Be�lja�ko�vi�na�je�v�znat�ni
ko�ličini�pri�sot�na�tudi�na�rav�ni�možgan�ske�-
ga�deb�la,�in�si�cer�v�ven�tral�nem�teg�men�tal�-
nem�po�dročju,�kjer�vpli�va�na�me�zo�kor�ti�kal�-
no�in�me�zo�lim�bično�do�pa�mi�ner�gično�pot,
ki�sta�vključeni�v�ugod�je,�ho�te�nje�oz.�mo�ti�-
va�ci�jo�in�po�zi�tiv�no�ojačeva�nje�ve�de�nja�(angl.
po si ti ve rein for ce ment)� (33, 34).� Leta� 2002
so�Geurts�in�so�de�lav�ci�do�ka�za�li�pri�sot�nost
5-HT2A�na�Gol�gi�je�vih�ce�li�cah�gra�nu�lar�ne�-
ga�slo�ja�in�Pur�ki�nje�vih�ce�li�cah�ma�lih�možga�-
nov�pri�pod�ga�nah�(35).�Na�pe�ri�fe�ri�ji�je�viso�-
ko�izražen�pred�vsem�na�trom�bo�ci�tih,�ce�li�cah
imun�ske�ga�si�ste�ma�(mo�no�ci�ti,�lim�fo�ci�ti),�fi�-
brob�la�stih�in�ne�vro�nih�perifernega�živčnega
si�ste�ma�(36–39).

ZNOTRaJCELIČNa SIGNaLNa POT
Re�cep�tor�5-HT2A�spa�da�med�GPCR,�ki�so�ve�-
za�ni�na�he�te�ro�tri�mer�ni�G-pro�tein,�ime�no�van
Gq (15).�Ve�za�va�učin�ko�vi�ne�ali�pre�našalca�(ki
de�lu�je�kot�ago�nist)�na�ak�tiv�no�me�sto�re�cep�-
tor�ja�pov�zroči�pri�tem�tipu�re�cep�tor�ja�di�-
socia�ci�jo�G-pro�tei�na�na�dve�po�de�no�ti�(α in
βγ).�Po�de�no�ta�α ak�ti�vi�ra�fos�fo�li�pa�zo�C�(angl.
phosp ho li pa se C,�PLC).�PLC�nato�hi�drok�si�lira
fosfo�li�pid�no�kom�po�nen�to�ce�lične�membra�-
ne,� ime�no�va�no� fos�fa�ti�di�li�no�zi�tol-4,5-bis�-
fos�fat� (angl.� phosp ha tidy li no si tol-4,5-bisp -
hosp ha te,� PIP2)� v� dia�cil�gli�ce�rol� (DAG)� in
ino�zi�tol�tri�fos�fat�(angl.�ino si tol trisp hosp ha -
te,�IP3).�IP3�ak�ti�vi�ra�kal�ci�je�ve�ka�nalčke�na
membra�ni�en�do�pla�zem�ske�ga�re�ti�ku�lu�ma,�ki
omo�gočijo� tok�kal�ci�ja�v� ci�to�sol.�Kal�cij� in
DAG�na�da�lje�ak�ti�vi�ra�ta�pro�tein�sko�ki�na�zo�C
(PKC)�(sli�ka�1).�Ak�ti�vi�ra�na�PKC�fos�fo�ri�li�ra
efek�tor�ske�be�lja�ko�vi�ne,�ki�urav�na�va�jo�ce�-
lično�pre�sno�vo�(40).

No�vejše�ra�zi�ska�ve�kažejo,�da�to�ni�edini
način�sig�na�li�za�ci�je�pre�ko�tega�re�cep�tor�ja.
Ob�sta�ja�ta�naj�manj�dve�zno�traj�ce�lični�poti,
pre�ko�ka�te�rih�se�lah�ko�spre�meni�ce�lični�me�-
ta�bo�li�zem�ob�ak�ti�va�ci�ji�re�cep�tor�ja�5-HT2A.
Dru�ga�pot�vključuje�for�ma�ci�jo�ara�hi�don�ske
ki�sli�ne� (angl.�arac hi do nic acid,�AA)� pre�ko

269Med�Razgl.�2019;�58�(3):



fosfo�li�pa�ze� A2� (angl.� phosp ho li pa se A2,
PLA2)�(41).�Ka�te�ra�sig�nal�na�pot�se�bo�ak�ti�-
vi�ra�la,�je�od�vi�sno�od�tega,�ka�te�ri�ago�nist�se
veže�na�ak�tiv�no�me�sto.�Gre�za�spo�sob�nost
učin�ko�vi�ne,�da�pred�nost�no�ak�ti�vi�ra�dru�ge
poti� v� no�tra�njo�sti� ce�li�ce� kot� neka� dru�ga
učin�ko�vi�na,�čeprav�je�ve�za�na�na�isto�ve�zav�-
no�me�sto�is�te�ga�re�cep�tor�ja�in�obe�de�lu�je�ta
ago�ni�stično.�Ta�kon�cept�ime�nu�je�mo�funkcij�-
ska� se�lek�tiv�nost� (angl.� func tio nal se lec ti -
vity)�(42).�Tako�se�ro�to�nin,�en�do�ge�ni�li�gand,
pred�nost�no�ak�ti�vi�ra�PLC-IP3�sig�nal�no�pot
v�raz�mer�ju�prib�ližno�3 : 2,�LSD�(die�ti�la�mid
li�zer�gične�ki�sli�ne)�pa�PLA2-AA�sig�nal�no�pot
v�raz�mer�ju�prib�ližno�2 : 1�(43).

DINaMIČNO URavNavaNJE
Kot�mno�gi�dru�gi�GPCR�je�5-HT2A�pod�vržen
di�na�mičnemu�urav�na�va�nju;�sen�zi�ti�za�ci�ji�in
de�sen�zi�ti�za�ci�ji,�spo�sob�no�sti,�ki�va�ru�je�si�stem
pred�pre�ti�ra�no�ak�ti�va�ci�jo�oz.�po�veča�nje�govo

občut�lji�vost.�Do�ome�nje�ne�ga�pro�ce�sa�pri�de
s�po�močjo�en�do�somske�in�ter�na�li�za�ci�je�re�-
cep�tor�jev� iz� mem�bra�ne� in� nji�ho�ve� re�ci�-
klaže�(44).�Urav�na�va�nje�tega�re�cep�tor�ja�je
edins�tve�no�med�mo�noa�min�ski�mi�re�ceptorji,
saj�po�leg�ago�ni�stov�re�ceptor�in�ter�na�li�zi�ra�-
jo�tudi�ne�ka�te�ri�an�ta�go�ni�sti�(45).�Di�namično
urav�na�va�nje�je�naj�ver�jet�ne�je�del�no�po�ve�za�-
no�s�te�ra�pevt�skim�učin�kom�psi�ho�far�ma�ko�-
te�ra�pi�je,�ki�de�lu�je�na�se�ro�to�nin�ski�si�stem.
To�se�še�bolj�kaže�pri�zdra�vi�lih,�ki�iz�boljšajo
simp�to�ma�ti�ko�šele�po�več�ted�nih�te�ra�pi�je.
Taki�so�pred�vsem�se�lek�tiv�ni�zaviral�ci�po�nov�-
ne�ga�priv�ze�ma�se�ro�to�ni�na�(angl.�se lec ti ve se -
ro to nin reup ta ke in hi bi tors,�SSRI),�se�lek�tiv�ni
za�vi�ral�ci�po�nov�ne�ga�priv�ze�ma�se�ro�to�ni�na�in
no�ra�dre�na�li�na�(angl.�se lec ti ve se ro to nin–no -
re pi nep hri ne reup ta ke in hi bi tors,�SNRI)�ter�tri�-
ci�klični� an�ti�de�pre�sivi.� Ko� je� se�ro�to�nin�ski
si�stem� kro�nično� iz�po�stav�ljen� učin�ko�vi�ni
(ne�po�sred�no�pri�ati�pičnih�an�ti�de�pre�si�vih�in
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po�sred�no�pre�ko�za�vi�ra�nja�priv�ze�ma�se�ro�to�-
ni�na�pri�SSRI,�SNRI�in�tri�ci�kličnih�an�ti�de�-
pre�si�vih),�se�in�ter�na�li�zi�ra�ni�5-HT2A�raz�gra�di
v�li�zo�so�mu.�Tako�se�s�časom�zmanjša�ce�-
lotno�šte�vi�lo�raz�po�ložlji�vih�re�cep�tor�jev�za
reci�klažo.� Po�sle�di�ca� je� manjša� od�ziv�nost
post�si�nap�tičnega�ne�vro�na�–�last�nost,�ki�je
mor�da�po�memb�na�pri�iz�boljšanju�simp�to�-
ma�ti�ke�de�pre�siv�nih�bol�ni�kov�(46, 47).�Ob�-
staja�še�en�me�ha�ni�zem,�po�ka�te�rem�lah�ko
re�cep�tor� 5-HT2A� urav�na�va� sig�na�li�za�ci�jo.
No�vejše�ra�zi�ska�ve�so�na�mreč�po�ka�za�le,�da
lah�ko�ti�re�cep�tor�ji�tvo�ri�jo�sta�bil�ne�homo-�in
he�te�ro�mer�ne�kom�plek�se�z�os�ta�li�mi�GPCR,
vključno� z� me�ta�bo�trop�nim� glu�ta�mat�nim
re�cep�tor�jem�tipa�2�(mGluR2)�in�do�pa�min�-
skim�re�cep�tor�jem�D2.�Po�sle�di�ce�tvorbe�ta�-
kih� kom�plek�sov� v� živem� or�ga�niz�mu� še
niso�zna�ne,�ven�dar�lah�ko�z�ve�li�ko�ver�jet�nost�-
jo�pričaku�je�mo,�da�se�last�no�sti�re�cep�tor�ja�in
s�tem�nje�gov�vpliv�na�ce�lični�me�ta�bo�li�zem
pod�ta�ki�mi�po�go�ji�spre�me�ni�jo�(48, 49). V�pod�-
po�ro�tej�hi�po�te�zi�so�leta�2011�Mo�re�no�in�so�-
de�lav�ci� po�ka�za�li� od�sot�nost� tr�za�nja� gla�ve
(angl.�head-twitch res pon se),�pov�zročene�ga
z�ago�ni�sti�5-HT2A�DOI�(2,5-di�me�tok�si-4-io�-
doam�fe�ta�min)�in�LSD�pri�miškah�z�iz�bi�tim
ge�nom�za�mGlu2�re�cep�tor�(50).

LIGaNDI IN NJIHOvI UČINKI
Raz�lični� li�gan�di� prožijo� kom�plek�sne� far�-
mako�loške�vzor�ce�ak�tiv�no�sti�na�re�cep�tor�jih
5-HT2A.�Lah�ko�so�pol�ni�ali�del�ni�ago�ni�sti,
nev�tral�ni�an�ta�go�ni�sti�ali�in�verz�ni�ago�ni�sti.
Ak�tiv�nost�raz�ličnih�li�gan�dov�lah�ko�del�no�po�-
ja�sni�mo�del,�po�ka�te�rem�je�re�cep�tor�ved�no
v�rav�no�težju�med�ak�tiv�nim�in�neak�tiv�nim
sta�njem.�Ago�ni�sti�po�tem�mo�de�lu�»za�kle�-
nejo«�re�cep�tor�v�ak�tiv�ni�ob�li�ki�in�tako�pov�-
zročijo,�da�je�več�re�cep�tor�jev�v�takšni�konfor�-
ma�ci�ji.�An�ta�go�ni�sti�pa�pre�mak�ne�jo�rav�no-
težje�v�nas�prot�no�smer,�torej�pro�ti�neak�tiv�-
ne�mu�sta�nju�re�cep�tor�ja�(51).�Kljub�temu�naj�-
ver�jet�ne�je�ob�sta�ja�kom�plek�snejši�od�nosmed
struk�tu�ro�in�vlo�go�tega�re�cep�tor�ja�(52).�

Se�ro�to�nin�je�glav�ni�en�do�ge�ni�li�gand�za
se�ro�to�nin�ske�re�cep�tor�je,�po�leg�se�ro�to�ni�na

pa�je�v�upo�ra�bi�ve�li�ko�ek�so�ge�nih�li�gan�dov
z�vi�so�ki�mi�afi�ni�te�ta�mi�rav�no�za�5-HT2A.�Šte�-
vil�ni�ago�ni�sti�na�tem�re�cep�tor�ju�pri�lju�deh
pov�zročajo� psi�ho�zam� po�dob�na� sta�nja� za�-
vesti,� pri� ka�te�rih� pri�de� do� si�ne�ste�zi�je� oz.
združenja�več�zaz�nav�nih�mo�dal�no�sti,�npr.
vida�in�slu�ha�(53, 54).�Najz�načil�nejši�pred�-
stav�nik�teh�ago�ni�stov�je�go�to�vo�LSD,�med
laično�po�pu�la�ci�jo�do�bro�poz�nan�kot�re�krea�-
tiv�na�dro�ga,�ki�ko�re�ni�to�spre�me�ni�doživ�lja�-
nje�zu�na�nje�ga�sve�ta�ter�močno�vpli�va�na
mišlje�nje�oz.�čus�tvo�va�nje�sub�jek�ta.�Čeprav
ima�LSD�afi�ni�te�to�za�mno�ge�druge�re�cep�-
tor�je,�med�dru�gim�za�do�pa�min�ske�re�cep�tor�-
je� D2,� 5-HT2C� in� 5-HT1A,� je� ak�ti�va�ci�ja
5-HT2A�nuj�na�za�in�duk�ci�jo�značil�nih�psi�ho�-
to�mi�me�tičnih�stanj,�saj�se�pri�blo�ki�ra�nju�5-
HT2A�s�se�lek�tiv�nim�an�ta�go�ni�stom�ta�učinek
bis�tve�no�zmanjša�ali�celo�od�pra�vi�(55, 56).
Po�dob�no� de�lu�je�ta� tudi� psi�lo�ci�bin,� glav�na
psihoak�tiv�na�snov�iz�psi�lo�ci�bin�skih�gob,�in
meska�lin,� psi�hoak�tiv�na� snov� me�hiškega
kak�tu�sa�pe�jotl.�Te�ra�pi�jo�z�ago�ni�sti�5-HT2A
so�v�pre�te�klo�sti�po�go�sto�upo�ra�bi�li�kot�po�-
sku�sni�mo�del�psi�ho�ze.�Ve�denj�ski�vzor�ci�in
doživ�lja�nje�sve�ta�pod�vpli�vom�takšne�učin�-
ko�vi�ne�so�na�mreč�zelo�po�dob�ni�psi�ho�tični
epi�zo�di�(57).�V�skla�du�s�tem�mo�de�lom�lah�-
ko�del�no�po�ja�sni�mo�de�lo�va�nje�an�tip�si�ho�ti�-
kov� dru�ge� ge�ne�ra�ci�je –� učin�ko�vin,� pri
ka�te�rih� je� blo�ki�ra�nje� 5-HT2A� re�cep�tor�ja
ključno�za�nji�hov�te�ra�pevt�ski�učinek,�v�ne�-
ka�te�rih�pri�me�rih�mor�da�celo�pri�taki�ob�liki
psi�ho�ze,�ki�je�na�antip�si�ho�tik�prve�ge�ne�ra�-
ci�je�re�frak�tar�na.�Izraženost�mo�tenj�gi�ba�nja
oz.� ek�stra�pi�ra�mid�ne� simp�to�ma�ti�ke� kot
nežele�ne�ga�učinka�zdrav�lje�nja�naj�bi�bila�pri
an�tip�si�ho�ti�kih�dru�ge�ge�ne�ra�ci�je�nižja.�Tak
far�ma�ko�loški�pro�fil�av�tor�ji�pri�pi�su�je�jo�pred�-
vsem�raz�li�ki�v�afiniteti�teh�dveh�sku�pin�an�-
tip�si�ho�ti�kov�do�do�pa�min�ske�ga� re�cep�tor�ja
D2.�An�tip�si�ho�ti�ki�prve�ge�ne�ra�ci�je�prožijo
svo�je�te�ra�pevt�ske�učinke�sko�raj�iz�ključno
pre�ko� blo�ka�de� re�cep�tor�ja�D2� v�me�zo�lim�-
bični in�me�zo�kor�ti�kal�ni�poti,�a�je�ve�za�va�teh
učin�ko�vin�na�ena�ke�receptor�je�v�dru�gih�ne�-
vroa�na�tom�skih�re�gi�jah�nei�zo�gib�na.�Blokada
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re�cep�tor�jev�D2�v�ni�gro�striat�ni�poti�je�vzrok
mot�njam�gi�ba�nja,�ki�upo�rab�nost�teh�zdra�-
vil�zelo�ome�ju�je�jo.�Po�dru�gi�stra�ni� ima�jo
anti�p�si�ho�ti�ki� dru�ge� ge�ne�ra�ci�je� bis�tve�no
manjšo�afi�ni�te�to�do�do�pa�minskih�re�cep�tor�-
jev,� nji�ho�vo� pri�mer�lji�vo� učin�ko�vi�tost� pa
omo�goča�sočasno�blo�ki�ra�nje�se�ro�to�nin�skih
re�cep�tor�jev.�Med�sled�nji�mi�je�ver�jet�no�naj�-
po�memb�nejši�pod�tip�2A,�saj�je�go�sto�izražen
na�me�zo�lim�bičnih�in�me�zo�kor�ti�kal�nih�dopa�-
mi�ner�gičnih�ne�vro�nih�(58–60).�Pri�me�ri�takih
učin�ko�vin�so�kve�tia�pin,�klo�za�pin,�olan�za�pin
in�ris�pe�ri�don.�Zdra�vi�la�iz�te�sku�pi�ne�se�ra�-
zen�za�psi�ho�tične�mot�nje�upo�rab�lja�jo�tudi
pri�aug�men�ta�ci�ji�zdrav�lje�nja�de�pre�si�je�(61).
S�tem�se�uje�ma�tudi�dejs�tvo,�da�ima�jo�ne�-
ko�li�ko�no�vejši�ati�pični�an�ti�de�pre�si�vi,�kot�je
mir�ta�za�pin,�anta�go�ni�stično�de�lo�va�nje�rav�-
no�na�5-HT2A�(62).

Večina�do�se�daj�našte�tih�učin�ko�vin�je�ne�-
se�lek�tiv�nih�in�se�vežejo�na�ne�kaj�ali�na�ve�-
li�ko�dru�gih�re�cep�tor�jev;�se�ro�to�nin�skih,�do�-
pa�min�skih,�hi�sta�min�skih,�mu�ska�rin�skih�in
dru�gih,�to�rej�ta�kih,�ki�ima�jo�struk�tur�no�so�-
rod�ne�li�gan�de�in�so�po�go�sto�vple�te�ni�v�po�-
dobne�živčne�funk�ci�je�(62–67).�V�po�sku�sne
na�me�ne�razisko�val�ci�na�vad�no�upo�rab�lja�jo
vi�so�ko�se�lek�tiv�ne�li�gan�de,�kot�so�ke�tan�se�-
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rin�(an�ta�go�nist),�MDL100907�(an�ta�go�nist)
in�cim�bi-36�(ago�nist),�ki�ima�jo�vi�so�ko�afi�-
ni�te�to�za�5-HT2A�in�niz�ko�afi�ni�te�to�za�vse
os�ta�le�re�cep�tor�je�(sli�ka�2).�Te�li�gan�de,�na�-
vad�no�oz�načene�z�ra�di�oak�tiv�ni�mi�izo�to�pi,
upo�rab�lja�jo�v�la�bo�ra�to�ri�jih�za�do�ka�zo�va�nje
pri�sot�no�sti�re�cep�tor�ja�na�ce�ličnih�li�ni�jah,�ce�-
ličnih�kul�tu�rah�in�vzor�cih�iz�živa�li�in vi tro
ter�pri�po�sku�sih�za�ra�zi�sko�va�nje�po�raz�de�li�-
tve�in�vlo�ge�re�cep�tor�ja�in vivo (68–71).

GENETIKa IN POLIMORFIZMI
v MEDICINI
Gen�HTR2A,�ki�ko�di�ra�re�cep�tor�5-HT2A,�je
bil�eden�iz�med�pr�vih�klo�ni�ra�nih�ge�nov�za
se�ro�to�nin�ski�re�cep�tor�(72).�Lo�kus�gena�na
kro�mo�so�mu�je�13q14-q21,�ve�lik�je�prib�ližno
65� ki�lo�baz�nih� pa�rov,� se�stav�ljen� pa� je� iz
treh�ek�so�nov,�ločenih�z�dve�ma�in�tro�no�ma.
Na�tem�genu�je�bilo�iden�ti�fi�ci�ra�nih�ve�li�ko
po�li�mor�fiz�mov.�Ne�ka�te�ri�med�nji�mi�mor�da
igra�jo� vlo�go� pri� pa�to�ge�ne�zi� bo�le�zen�skih
stanj.�Eden�ta�kih�je�po�li�mor�fi�zem�promo�-
tor�ja�gena�HTR2A;�-1438G>A,�ki�je�po�mne�-
nju�ne�ka�te�rih�av�tor�jev�po�mem�ben�pri�mot�-
njah�raz�po�loženja,�na�tančneje�pri�bi�po�lar�ni
mot�nji�raz�po�loženja,�saj�je�pri�lju�deh�s�to
mot�njo� raz�šir�je�nost� značilno� večja� (73).
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Rav�no�tako�ob�sta�ja�po�ve�za�va�med�po�limor�-
fiz�mi�gena�za�ta�re�cep�tor�in�mot�nja�mi�zaz�-
na�va�nja.�V�eni�iz�med�ra�zi�skav�ugo�tav�lja�jo
večjo�po�go�stost�102T>C�pri�bol�ni�kih�s�shizo�-
freni�jo�(74).�Ob�sta�ja�jo�tudi�ra�zi�ska�ve,�oprav�-
lje�ne�na�vzor�cu�iz�slo�ven�ske�po�pu�la�ci�je.�Vi�-
de�tičeva� in� so�de�lav�ci� so� po�ka�za�li�možno
po�ve�za�nost�med�po�li�mor�fiz�mom�1420C>T
in�žrt�va�mi�sa�mo�mo�ra,�ki�si�cer�ni�sta�tistično
značilna�(p=0,067)�(75).�Po�li�mor�fiz�mi�igra�-
jo�vlo�go�tudi�pri�mental�ni�de�jav�no�sti�iz�ven
kon�tek�sta�dušev�nih�mo�tenj.�De�Quer�vian�in
so�de�lav�ci�so�leta�2003�do�ka�za�li�sta�ti�stično
značilno�slabšo�zmog�lji�vost�pom�nje�nja�pri
lju�deh�z�mu�ta�ci�jo�v�tem�genu�(76).�Wu�in
so�de�lav�ci�pa�v�ne�ko�li�ko�ne�na�vad�ni�ra�zi�ska�-
vi�iz�leta�2016�do�ka�zu�je�jo�vpliv�po�li�mor�fiz�-
ma�tega�re�cep�tor�ja�na�us�peh�pri�or�ga�ni�zi�-
ra�nem�is�ka�nju�part�ner�ja,�kjer�vsak�možni
part�ner� go�vo�ri� z� dru�gim� le� ne�kaj� mi�nut
(angl.�speed da ting)�(77).�Vpliv�mu�ta�cij recep�-
tor�ja�seže�tudi�dlje�od�osred�nje�ga�živčevja.
Kling�in�so�de�lav�ci�so�leta�2008�do�ka�za�li�po�-
večano�dov�zet�nost�bol�ni�kov�z�ne�ka�te�ri�mi
po�li�mor�fiz�mi�5-HT2A�za�raz�voj�rev�ma�toid�-
ne�ga�ar�tri�ti�sa.�Med�preo�sta�li�mi�po�li�mor�fiz�-
mi�je�tudi�že�ome�njen�102T>C�(78).�Po�li�mor�-
fiz�mi�gena�ver�jet�no�igra�jo�vlo�go�tudi�pri
far�ma�ko�terapi�ji,�ki�de�lu�je�pre�ko�re�cep�tor�ja
5-HT2A.�Ar�ranz�in�so�de�lav�ci�so�v�me�taa�na�-
li�zi� pri�ka�za�li� po�ve�za�vo� med� po�li�mor�fiz�-
mom�102T>C�in�neod�ziv�nost�jo�na�an�tip�si�-
ho�tično�zdrav�lje�nje� (klo�za�pin)� (79).�V�eni
iz�med�ra�zi�skav�so�Mc�Ma�ho�ne�in�so�de�lavci
pri�ka�za�li�večjo�od�ziv�nost�bol�ni�kov�na�zdrav�-
ljenje�z�an�ti�de�pre�si�vom�(ci�ta�lo�pra�mom)�pri
enem�iz�med�ge�no�ti�pov�(80).�Po�li�mor�fiz�mi
ver�jet�no�ne�vpli�va�jo�zgolj�na�učin�ko�vi�tost
zdrav�lje�nja,�am�pak�tudi�na�po�go�stost�nežele�-
nih�učin�kov�(81).�

Kljub�temu�ne�gre�spre�gle�da�ti,�da�gre
večino�ma�le�za�po�sa�mez�ne�ra�zi�ska�ve z�majh�-
ni�mi�vzor�ci,�ki�ne�pri�kažejo�ce�lot�ne�sli�ke�in
spa�da�jo�med�do�ka�ze�nizke�rav�ni.�Pre�gledni
čla�nek�iz�leta�2007,�ki�je�ana�li�zi�ral�več�ra�-
zi�skav� o� vpli�vu� po�sa�mez�nih� po�li�mor�fiz�-
mov�na�raz�voj�dušev�nih�obo�lenj,�ni�us�pel

po�tr�di�ti� no�be�ne�ga� po�li�mor�fiz�ma� kot� de�-
jav�ni�ka�tve�ga�nja.�Kar�ne�kaj�iz�med�ana�li�zi�-
ra�nih�ra�zi�skav�je�ime�lo�ne�ga�ti�ven�rezul�tat,
ne�ka�te�re�s�po�zi�tiv�nim�re�zul�ta�tom�pa�niso
bile�po�nov�lji�ve.�Ne�kon�si�stent�ne�re�zul�ta�te
lah�ko�del�no�po�ja�sni�raz�li�ka�v�ve�li�ko�sti�vzor�-
ca,�upo�ra�ba�dru�gih�la�bo�ra�to�rij�skih�teh�nik�ali
me�tod,�raz�lično�de�fi�ni�ra�ne�diag�no�ze�in�et�-
nična� he�te�ro�ge�nost� po�pu�la�cij.� Potreb�nih
bo�še�ve�li�ko�ra�zi�skav,�da�do�končno�opre�deli�-
mo�vlo�go�ge�ne�ti�ke�tega�re�cep�tor�ja�pri�pa�-
to�ge�ne�zi�in�zdrav�lje�nju�bo�lez�ni�(82).

vLOGa SEROTONINSKEGa
RECEPTORJa TIPa 2a
PRI PaTOGENEZI
NEvRODEGENERaTIvNIH
IN DUšEvNIH MOTENJ
Pri�šte�vil�nih�bo�lez�nih�osred�nje�ga�živčevja
se�v�sklo�pu�pa�to�ge�ne�ze�po�jav�lja�ok�va�ra�re�-
cep�tor�ja� 5-HT2A.�Leta� 2014� so�Mel�se� in
sode�lav�ci�v�ra�zi�ska�vi�z�vi�so�ko�se�lek�tiv�nim
ra�di�ooz�načenim�li�gan�dom�z�oz�na�ko�R91150
in�sle�de�njem�s�po�zi�tron�sko�emi�sij�sko�to�mo�-
gra�fi�jo� (PET)�pri�ka�za�li� spre�me�nje�no� izra�-
žanje�re�cep�tor�ja�5-HT2A�pri�nez�drav�lje�ni,�na
novo�diag�no�sti�ci�ra�ni�Par�kin�so�no�vi�bo�lez�ni
v�ba�zal�nih�gan�gli�jih�(83).�Ra�zi�ska�va�iz�leta
2016�na�po�smrt�nih vzor�cih�pre�fron�tal�ne�ga
kortek�sa,�od�vze�tih�bol�ni�kom�s�Par�kin�so�novo
bo�lez�ni�jo,�pa�je�po�ka�za�la�po�večano�ve�za�vo
se�lek�tiv�ne�ga�li�gan�da�MDL100907�v�pri�mer�-
ja�vi�s�kon�trol�ni�mi�vzor�ci�(84).�Po�dob�ne�ra�-
zi�ska�ve�so�bile�oprav�lje�ne�tudi�pri�dru�gih
ne�vro�de�ge�ne�ra�tiv�nih�bo�lez�nih.�Pri�Alz�hei�-
mer�je�vi�bo�lez�ni�je�ver�jet�no�eden�od�pa�to�ge�-
net�skih�me�ha�niz�mov�ok�va�ra�se�ro�to�nin�ske�ga
si�ste�ma.�V�tem�kon�tek�stu�je�bilo�naj�več�po�-
zor�no�sti�pos�večeno�rav�no�re�cep�tor�ju�5-HT2A
za�ra�di�nje�go�ve�po�ten�cialne�vlo�ge�pri�ve�denj�-
skih,�čus�tve�nih�in�zaz�navnih�mot�njah�v�sklo�-
pu� te�bo�lez�ni,� kar�vklju�čuje�ha�lu�ci�na�ci�je,
agre�siv�ne�iz�pa�de,�te�sno�bo�in�mot�nje�afek�-
ta.�Pri�več�ra�zi�ska�vah�je�bil�re�cep�tor�5-HT2A
manj� izražen�pri�bol�ni�kih�z�Alz�hei�mer�je�-
vo bo�lez�ni�jo�oz.�je�vezal�manj�oz�načene�ga
ligan�da,� rav�no� tako�pa�naj�bi�bil�vple�ten
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v�sproščanje�ami�loid�ne�ga�pre�kur�zor�ske�ga
pro�tei�na,�ka�te�re�ga�pre�ko�merno�ko�pičenje�je
ena�glav�nih�pa�to�loških�značil�no�sti�te�ob�li�-
ke�de�men�ce�(85–88).�Se�ro�to�nin�ski�si�stem�in
z�njim�re�cep�tor�5-HT2A�sta�vple�te�na�tudi
v�urav�na�va�nje�epi�lep�tičnega�do�ga�ja�nja,�kar
bi�mor�da�lah�ko�iz�ko�ri�sti�li�pri�nad�zo�ro�va�nju
na�pa�dov�(89, 90).�S�po�sku�si�so�na�mreč�doka�-
za�li�manjšo�umr�lji�vost�mišk,�ki�so�jim�pred
sprožitvijo�na�pa�dov�dali�ago�ni�ste�5-HT2A�(91).

Naj�več�ra�zi�skav�tega�re�cep�tor�ja�v�pove�-
za�vi�z�bo�le�zen�ski�mi�sta�nji�je�na�re�je�nih�v�kon�-
tek�stu�dušev�nih�mo�tenj�(92).�Zmanj�šano�go�-
sto�to�se�ro�to�nin�skih� re�cep�tor�jev�sku�pi�ne�2
v� re�zi�nah� pred�njega� režnja� po�smrt�nih
možgan�skih�vzor�cev�pri�bol�ni�kih�s�shi�zo�fre�-
ni�jo�so�kon�si�stent�no�do�ka�zo�va�li�že�od�80-ih
let,�ka�sne�je�pa�so�to�po�tr�di�li�tudi�bolj�spe�ci�-
fično�za�5-HT2A�(93, 94).�Po�dob�ne�re�zul�ta�te
so�do�bi�li�pri�in vivo in�post mor tem ra�zi�ska�-
vah�bol�ni�kov�z�de�pre�sijo,�pri�ka�te�rih�opi�su�-
je�jo�zmanjšano�ve�za�vo�oz�načenih�se�lek�tiv�-
nih�li�gan�dov�na�ta�re�cep�tor�(95, 96).�Ob�sta�ja
pa�ne�kaj�konf�liktnih�do�ka�zov:�pri�ra�zi�ska�vi
najstniških� žrtev� sa�mo�mo�ra� so� po�ka�za�li
večjo�go�sto�to�5-HT2A�re�cep�tor�ja�v�pre�fron�-
tal�nem�kor�tek�su� ali� hi�po�kam�pu�su� kot� pri
kon�tro�lah�(97).�Po�dob�ne�re�zul�ta�te�so�do�bi�li
tudi�pri�ne�ka�te�rih�in vivo štu�di�jah�(98, 99).

Me�taa�na�li�za� iz� 2016� je� po�ka�za�la,� da
večina�po�sa�mez�nih�ra�zi�skav�ne�dobi�stati�-

stičnoz�načil�ne�ga� re�zul�ta�ta,� združitev� re�-
zul�ta�tov�iz�več�ra�zi�skav�pa�kaže�na�to,�da�je
go�sto�ta�re�cep�tor�ja�zmanjšana�tako�pri�depre�-
si�ji�kot�pri�shi�zo�fre�ni�ji�in�ne�ka�te�rih�drugih
mot�njah�(bi�po�lar�na�mot�nja�raz�po�loženja),
zvišana�naj� bi� bila� le� pri� ank�sioz�ni�mot�-
nji (100).

ZaKLJUČEK
Kljub�ne�ja�sne�mu�po�me�nu�in�vlo�gi�re�cep�tor�-
ja�5-HT2A�pri�bo�lez�ni�in�zdrav�lje�nju�gre�za
ključno�tarčo,�pre�ko�ka�te�re�lah�ko�s�far�ma�-
ko�loškimi�pri�je�mi�vpli�va�mo�na�fi�zio�lo�gi�jo
člo�ve�ka.�To�pod�pi�ra�dejs�tvo,�da�učinek�ne�-
ka�te�rih�zdra�vil�in�os�ta�lih�učin�ko�vin�kljub
zelo�širo�ke�mu�far�ma�ko�loškemu�pro�fi�lu�pri�-
pi�su�je�jo�rav�no�ve�za�vi�na�ta�re�cep�tor.�Ver�-
jetno�je,�da�bomo�z�na�dalj�nji�mi�ra�zi�ska�va�-
mi�doka�za�li�okvaro�re�cep�tor�ja�kot�vzrok�za
na�sta�nek�ne�ka�te�rih�dušev�nih�mo�tenj�in�bo�-
lez�ni�osred�nje�ga�živčevja.�Z�boljšim�ra�zu�-
me�va�njem�od�no�sa�med�struk�tu�ro�in�funk�-
ci�jo�sa�me�ga�re�cep�tor�ja�ter�vpli�va�re�cep�tor�ja
na�širše�vzor�ce�ne�vron�ske�ak�tiv�no�sti�bo�moč
na�re�di�ti�učin�ko�vi�ne�z�bolj�spe�ci�fičnim�de�-
lo�va�njem –�take,�ki�bodo�iz�ničile�po�manj�-
klji�vo�re�cep�tor�sko�de�lo�va�nje�v�sklo�pu�bo�le�-
zen�ske�ga� sta�nja� ali� po�skušale� ub�lažiti
ok�va�ro�dru�gih�si�ste�mov�in�s�tem�iz�boljšale
simp�to�ma�ti�ko.

274 Ivo�Ko�smačin Se ro to nin ski re cep tor tipa 2a: od bio lo gi je do kli ni ke



LITERaTURa

1. Siegel�GJ,�Agranoff�BW,�Albers�RW,�et�al.�Basic�neurochemistry:�molecular,�cellular�and�medical�aspects.�Basic
Neurochemistry.�Philadelphia:�Lippincott-Raven;�1999.�

2. Ramakrishna�A,�Giridhar�P,�Ravishankar�G.�Phytoserotonin:�A review.�Plant�Signal�Behav.�2011;�6�(6):�800–9.�

3. Sainio�EL,�Pulkki�K,�Young�SN.�L-Tryptophan:�Biochemical,�nutritional�and�pharmacological�aspects.�Amino
Acids.�1996;�10�(1):�21–47.�

4. Keszthelyi�D,�Troost�FJ,�Masclee�AM.�Understanding�the�role�of�tryptophan�and�serotonin�metabolism�in
gastrointestinal�function.�Neurogastroenterology�and�Motility.�Vol.�21.�2009.�p.�1239–49.�

5. Binda� C,�Mattevi� A,� Edmondson� DE.� Structural� properties� of� human�monoamine� oxidases� A  and� B.� In:
International�review�of�neurobiology.�2011.�p.�1–11.�

6. Meneses�A,�Liy-Salmeron�G.�Serotonin�and�emotion,�learning�and�memory.�Rev�Neurosci.�2012;�23�(5–6):�543–53.�

7.� Jean�A,�Laurent�L,�Delaunay�S,�et�al.�Adaptive�control�of�dorsal�raphe�by�5-HT4�in�the�prefrontal�cortex�prevents
persistent�hypophagia�following�stress.�Cell�Rep.�2017;�21�(4):�901–9.�

8. Dugovic�C.�Role�of�serotonin�in�sleep�mechanisms.�Rev�Neurol�(Paris).�2001;�157�(11�Pt�2):�16–9.�

9. Siegel�JZ,�Crockett�MJ.�How�serotonin�shapes�moral�judgment�and�behavior.�Ann�N�Y�Acad�Sci.�2013;�1299�(1):
42–51.�

10.� Cirillo�C,�Vanden�Berghe�P,�Tack�J.�Role�of�serotonin�in�gastrointestinal�physiology�and�pathology.�Minerva
Endocrinol.�2011;�36�(4):�311–24.�

11. Duerschmied�D,�Bode�C.�The�role�of�serotonin�in�haemostasis.�Hamostaseologie.�2009;�29�(4):�356–9.�

12.� Kim�H,�Toyofuku�Y,�Lynn�FC,�et�al.�Serotonin�regulates�pancreatic�beta�cell�mass�during�pregnancy.�Nat�Med.
2010;�16�(7):�804–8.�

13.� Mann�DA,�Oakley�F.�Serotonin�paracrine�signaling�in�tissue�fibrosis.�Biochim�Biophys�Acta.�2013;�1832�(7):�905–10.�

14.� Saxena�PR.�Serotonin�receptors:�subtypes,�functional�responses�and�therapeutic�relevance.�Pharmacol�Ther.
1995;�66�(2):�339–68.�

15.� Millan�MJ,�Marin�P,�Bockaert�J,�et�al.�Signaling�at�G-protein-coupled�serotonin�receptors:�recent�advances�and
future�research�directions.�Trends�Pharmacol�Sci.�2008;�29�(9):�454–64.�

16.� Trzaskowski�B,�Latek�D,�Yuan�S,�et�al.�Action�of�molecular�switches�in�GPCRs–theoretical�and�experimental
studies.�Curr�Med�Chem.�2012;�19�(8):�1090–109.�

17. Kobilka�BK.�G�protein�coupled�receptor�structure�and�activation.�Biochim�Biophys�Acta�-�Biomembr.�2007;�1768
(4):�794–807.�

18.� American�Chemical�Society.�Modern�drug�discovery.�American�Chemical�Society;�1998.�

19.� Overington�JP,�Al-Lazikani�B,�Hopkins�AL.�How�many�drug�targets�are�there?�Nat�Rev�Drug�Discov.�2006;�5
(12):�993–6.�

20. Kato�S.�Role�of�serotonin�5-HT�receptors�in�intestinal�inflammation.�Biol�Pharm�Bull.�2013;�36�(9):�1406–9.�

21.� Renda�TG.�Vittorio�Erspamer:�a true�pioneer�in�the�field�of�bioactive�peptides.�Peptides.�2000;�21�(11):�1585–6.�

22.� Introna�LD,�Wood�D.�Picturing�algorithmic�surveillance:�The�politics�of�facial�recognition�systems.�Surveill�Soc.
2004;�2�(2–3):�177–98.�

23.� Feldberg�W,�Toh�CC.�Distribution�of�5-hydroxytryptamine�(serotonin,�enteramine)�in�the�wall�of�the�digestive
tract.�J�Physiol.�1953;�119�(2–3):�352–62.�

24.� Twarog� BM,� Page� IH.� Serotonin� content� of� some�mammalian� tissues� and� urine� and� a method� for� its
determination.�Am�J�Physiol.�1953;�175�(1):�157–61.�

25.� Gaddum�JH,�Picarelli�ZP.�Two�kinds�of�tryptamine�receptor.�Br�J�Pharmacol�Chemother.�1957;�12�(3):�323–8.�

26.� Peroutka�SJ,�Snyder�SH.�Multiple�serotonin�receptors:�differential�binding�of�5-hydroxytryptamine,�lysergic
acid�diethylamide�and�spiroperidol.�Mol�Pharmacol.�1979;�16�(3):�687–99.�

27.� Frazer�A,�Hensler�JG.�Serotonin.�In:�Siegel�GJ,�eds.�Basic�neurochemistry:�molecular,�cellular�and�medical�aspects.
6th�edition.�Philadelphia:�Lippincott-Raven;�1999.

28.� Hoyer�D.�5-HT�receptor�nomenclature:�naming�names,�does�it�matter?�A tribute�to�Maurice�Rapport.�ACS�Chem
Neurosci.�2017;�8�(5):�908–19.�

29.� Aghajanian�GK,�Marek�GJ.�Serotonin,�via�5-HT2A�receptors,�increases�EPSCs�in�layer�V pyramidal�cells�of�prefrontal
cortex�by�an�asynchronous�mode�of�glutamate�release.�Brain�Res.�1999;�825�(1–2):�161–71.�

30.� Xu�T,�Pandey�SC.�Cellular�localization�of�serotonin(2A)�(5HT(2A))�receptors�in�the�rat�brain.�Brain�Res�Bull.
2000;�51�(6):�499–505.�

275Med�Razgl.�2019;�58�(3):



31. Shukla�R,�Watakabe�A,�Yamamori�T.�mRNA�expression�profile�of�serotonin�receptor�subtypes�and�distribution
of�serotonergic�terminations�in�marmoset�brain.�Front�Neural�Circuits.�2014;�8:�52.�

32.� Zhang� G,� Stackman� RW,� Jr.� The� role� of� serotonin� 5-HT2A� receptors� in� memory� and� cognition.� Front
Pharmacol.�2015;�6:�225.�

33.� Herin�DV,�Bubar�MJ,�Seitz�PK,�et�al.�Elevated�Expression�of�serotonin�5-HT(2A)�receptors�in�the�rat�ventral
tegmental�area�enhances�vulnerability�to�the�behavioral�effects�of�cocaine.�Front�Psychiatry.�2013;�4:�2.�

34.� Nocjar�C,�Roth�BL,�Pehek�EA.�Localization�of�5-HT(2A)�receptors�on�dopamine�cells�in�subnuclei�of�the�midbrain
A10�cell�group.�Neuroscience.�2002;�111�(1):�163–76.�

35.� Geurts�FJ,�De�Schutter�E,�Timmermans�JP.�Localization�of�5-HT2A,�5-HT3,�5-HT5A�and�5-HT7�receptor-like
immunoreactivity�in�the�rat�cerebellum.�J�Chem�Neuroanat.�2002;�24�(1):�65–74.�

36.� Gómez-Gil�E,�Gastó�C,�Díaz-Ricart�M,�et�al.�Platelet�5-HT2A-receptor-mediated�induction�of�aggregation�is
not�altered�in�major�depression.�Hum�Psychopharmacol�Clin�Exp.�2002;�17�(8):�419–24.�

37.� Herr�N,�Bode�C,�Duerschmied�D.�The�effects�of�serotonin�in�immune�cells.�Front�Cardiovasc�Med.�2017;�4:�48.�

38.� Akin�D,�Manier�DH,�Sanders-Bush�E,�et�al.�Decreased�serotonin�5-HT2A�receptor-stimulated�phosphoinositide
signaling�in�fibroblasts�from�melancholic�depressed�patients.�Neuropsychopharmacology.�2004;�29�(11):�2081–7.�

39.� Okamoto�K,�Imbe�H,�Morikawa�Y,�et�al.�5-HT2A�receptor�subtype�in�the�peripheral�branch�of�sensory�fibers
is�involved�in�the�potentiation�of�inflammatory�pain�in�rats.�Pain.�2002;�99�(1–2):�133–43.�

40.� Harden�TK,�Waldo�GL,�Hicks�SN,�et�al.�Mechanism�of�activation�and�inactivation�of�Gq/phospholipase�C-Β
signaling�nodes.�Vol.�111,�Chemical�Reviews.�NIH�Public�Access;�2011.�p.�6120–9.�

41.� Kurrasch-Orbaugh�DM,�Parrish�JC,�Watts�VJ,�et�al.�A complex�signaling�cascade�links�the�serotonin2A�receptor
to�phospholipase�A2�activation:�the�involvement�of�MAP�kinases.�J�Neurochem.�2003;�86�(4):�980–91.�

42.� Urban� JD,�Clarke�WP,�von�Zastrow�M,�et�al.�Functional�selectivity�and�classical� concepts�of�quantitative
pharmacology.�J�Pharmacol�Exp�Ther.�2006;�320�(1):�1–13.�

43.� Kurrasch-Orbaugh�DM.�Serotonin�5-hydroxytryptamine2A�receptor-coupled�phospholipase�c�and�phospholipase
A2�signaling�pathways�have�different�receptor�reserves.�J�Pharmacol�Exp�Ther.�2003;�304�(1):�229–37.�

44.� Bhattacharyya�S,�Puri�S,�Miledi�R,�et�al.�Internalization�and�recycling�of�5-HT2A�receptors�activated�by�serotonin
and�protein�kinase�C-mediated�mechanisms.�Proc�Natl�Acad�Sci�U�S A.�2002;�99�(22):�14470–5.�

45.� Eison�AS,�Mullins�UL.�Regulation�of�central�5-HT2A�receptors:�a review�of�in�vivo�studies.�Behav�Brain�Res.
1996;�73�(1–2):�177–81.�

46.� Gray�JA,�Roth�BL.�Paradoxical�trafficking�and�regulation�of�5-HT(2A)�receptors�by�agonists�and�antagonists.
Brain�Res�Bull.�2001;�56�(5):�441–51.�

47.� Celada�P,�Puig�M,�Amargós-Bosch�M,�et�al.�The�therapeutic�role�of�5-HT1A�and�5-HT2A�receptors�in�depression.
J�Psychiatry�Neurosci.�2004;�29�(4):�252–65.�

48.� Albizu�L,�Holloway�T,�González-Maeso�J,�et�al.�Functional�crosstalk�and�heteromerization�of�serotonin�5-HT2A
and�dopamine�D2�receptors.�Neuropharmacology.�2011;�61�(4):�770–7.�

49.� González-Maeso�J,�Ang�RL,�Yuen�T,�et�al.�Identification�of�a serotonin/glutamate�receptor�complex�implicated
in�psychosis.�Nature.�2008;�452�(7183):�93–7.�

50.� Moreno�JL,�Holloway�T,�Albizu�L,�et�al.�Metabotropic�glutamate�mGlu2�receptor�is�necessary�for�the�pharmacological
and�behavioral�effects�induced�by�hallucinogenic�5-HT2A�receptor�agonists.�Neurosci�Lett.�2011;�493�(3):�76–9.�

51. Gandhimathi�A,�Sowdhamini�R.�Molecular�modelling�of�human�5-hydroxytryptamine�receptor�(5-HT2A)�and
virtual�screening�studies�towards�the�identification�of�agonist�and�antagonist�molecules.�J�Biomol�Struct�Dyn.
2016;�34�(5):�952–70.�

52.� Nichols�DE.�Structure-activity�relationships�of�serotonin�5-HT2A�agonists.�Wiley�Interdiscip�Rev�Membr�Transp
Signal.�2012;�1�(5):�559–79.�

53.� Barrett�FS,�Preller�KH,�Herdener�M,�et�al.�Serotonin�2A�receptor�signaling�underlies�LSD-induced�alteration
of�the�neural�response�to�dynamic�changes�in�music.�Cereb�Cortex.�2017;�1–12.�

54.� Kaelen�M,�Roseman�L,�Kahan�J,�et�al.�LSD�modulates�music-induced�imagery�via�changes�in�parahippocampal
connectivity.�Eur�Neuropsychopharmacol.�2016;�26�(7):�1099–109.�

55.� Passie�T,�Halpern�JH,�Stichtenoth�DO,�et�al.�The�pharmacology�of�lysergic�acid�diethylamide:�a review.�CNS
Neurosci�Ther.�2008;14�(4):�295–314.�

56.� Preller�KH,�Herdener�M,�Pokorny�T,�et�al.�The�fabric�of�meaning�and�subjective�effects�in�lsd-induced�states
depend�on�serotonin�2A�receptor�activation.�Curr�Biol.�2017;�27�(3):�451–7.

57.� De�Gregorio�D,�Comai�S,�Posa�L,�et�al.�d-lysergic�acid�diethylamide�(LSD)�as�a model�of�psychosis:�mechanism
of�action�and�pharmacology.�Int�J�Mol�Sci.�2016;�17�(11):�1953.�

276 Ivo�Ko�smačin Se ro to nin ski re cep tor tipa 2a: od bio lo gi je do kli ni ke



58.� Luft�B,�Taylor�D.�A review�of�atypical�antipsychotic�drugs�versus�conventional�medication�in�schizophrenia.
Expert�Opin�Pharmacother.�2006;�7�(13):�1739–48.�

59.� Lind�CCK,�Carchedi�CLR,�Staudenmeier�LJJ,�et�al.�Atypical�presentations�of�atypical�antipsychotics.�Psychiatry
(Edgmont).�2005;�2�(6):�32–9.�

60.� Bitter�I,�Dossenbach�MR,�Brook�S,�et�al.�Olanzapine�versus�clozapine�in�treatment-resistant�or�treatment-
intolerant�schizophrenia.�Prog�Neuro-Psychopharmacology�Biol�Psychiatry.�2004;�28�(1):�173–80.�

61. Kupfer�DJ.�The�pharmacological�management�of�depression.�Vol.�7,�Dialogues�in�Clinical�Neuroscience.�Les
Laboratoires�Servier;�2005.�p.�191–205.�

62.� Anttila�S,�Leinonen�E.�A review�of�the�pharmacological�and�clinical�profile�of�mirtazapine.�CNS�Drug�Rev.�2001;
7�(3):�249–64.�

63.� Seeman�P.�Atypical�antipsychotics:�mechanism�of�action.�Can�J�Psychiatry.�2002;�47�(1):�27–38.�

64.� Weston-Green�K,�Huang�X-F,�Lian�J,�et�al.�Effects�of�olanzapine�on�muscarinic�M3�receptor�binding�density
in�the�brain�relates�to�weight�gain,�plasma�insulin�and�metabolic�hormone�levels.�Eur�Neuropsychopharmacol.
2012;�22�(5):�364–73.�

65.� Flik�G,�Folgering�JHA,�Cremers�TIHF,�et�al.�Interaction�between�brain�histamine�and�serotonin,�norepinephrine,
and�dopamine�systems:�in�vivo�microdialysis�and�electrophysiology�study.�J�Mol�Neurosci.�2015;�56�(2):�320–8.�

66.� Feuerstein�TJ.�Presynaptic�receptors�for�dopamine,�histamine,�and�serotonin.�In:�Handbook�of�experimental
pharmacology.�2008.�p.�289–338.�

67.� Segu�L,�Lecomte�MJ,�Wolff�M,�et�al.�Hyperfunction�of�muscarinic�receptor�maintains�long-term�memory�in
5-HT4�receptor�knock-out�mice.�PLoS�One.�2010;�5�(3):�9529.�

68.� López-Giménez�JF,�Vilaró�MT,�Palacios�JM,�et�al.�MDL�100,907�labels�5-HT2A�serotonin�receptors�selectively
in�primate�brain.�Neuropharmacology.�1998;�37�(9):�1147–58.�

69.� Chapman�ME,�Wideman�RF.�Evaluation�of�the�serotonin�receptor�blockers�ketanserin�and�methiothepin�on
the�pulmonary�hypertensive�responses�of�broilers�to�intravenously�infused�serotonin.�Poult�Sci.�2006;�85�(4):
777–86.�

70.� Pazos�A,�Probst�A,�Palacios�JM.�Serotonin�receptors�in�the�human�brain—IV.�Autoradiographic�mapping�of
serotonin-2�receptors.�Neuroscience.�1987;�21�(1):�123–39.�

71. Ettrup�A,�Holm�S,�Hansen�M,�et�al.�Preclinical�Safety�Assessment�of�the�5-HT2A�Receptor�Agonist�PET�Radioligand
[1C]Cimbi-36.�Mol�Imaging�Biol.�2013;�15�(4):�376–83.�

72.� Pritchett�DB,�Bach�AW,�Wozny�M,�et�al.�Structure�and�functional�expression�of�cloned�rat�serotonin�5HT-2
receptor.�EMBO�J.�1988;�7�(13):�4135–40.�

73.� Chee�IS,�Lee�SW,�Kim�JL,�et�al.�5-HT2A�receptor�gene�promoter�polymorphism�-1438A/G�and�bipolar�disorder.
Psychiatr�Genet.�2001;�11�(3):�111–4.�

74.� Williams�J,�Spurlock�G,�McGuffin�P,�et�al.�Association�between�schizophrenia�and�T102C�polymorphism�of�the
5-hydroxytryptamine�type�2a-receptor�gene.�European�Multicentre�Association�Study�of�Schizophrenia�(EMASS)
Group.�Lancet�(London,�England).�1996;�347�(9011):�1294–6.�

75.� Videtic�A,�Pungercic�G,�Pajnic�IZ,�et�al.�Association�study�of�seven�polymorphisms�in�four�serotonin�receptor
genes�on�suicide�victims.�Am�J�Med�Genet�Part�B�Neuropsychiatr�Genet.�2006;�141�(6):�669–72.�

76.� De�Quervain�DF,�Henke�K,�Aerni�A,�et�al.�A functional�genetic�variation�of�the�5-HT2a�receptor�affects�human
memory.�Nat�Neurosci.�2003;�6�(11):�1141–2.�

77.� Wu�K,�Chen�C,�Moyzis�RK,�et�al.�Gender�interacts�with�opioid�receptor�polymorphism�A118G�and�serotonin�receptor
polymorphism�−1438 A/G�on�speed-dating�success.�Hum�Nat.�2016;�27�(3):�244–60.�

78.� Kling�A,�Seddighzadeh�M,�Arlestig�L,�et�al.�Genetic�variations�in�the�serotonin�5-HT2A�receptor�gene�(HTR2A)
are�associated�with�rheumatoid�arthritis.�Ann�Rheum�Dis.�2008;�67�(8):�1111–5.�

79.� Arranz�M,�Collier�D,�Sodhi�M,�et�al.�Association�between�clozapine�response�and�allelic�variation�in�5-HT2A
receptor�gene.�Lancet�(London,�England).�1995;�346�(8970):�281–2.�

80.� McMahon�FJ,�Buervenich�S,�Charney�D,�et�al.�Variation�in�the�gene�encoding�the�serotonin�2A�receptor�is�associated
with�outcome�of�antidepressant�treatment.�Am�J�Hum�Genet.�2006;�78�(5):�804–14.�

81. Suzuki�Y,�Sawamura�K,�Someya�T.�Polymorphisms�in�the�5-hydroxytryptamine�2A�receptor�and�cytochrome
P4502D6�genes�synergistically�predict�fluvoxamine-induced�side�effects� in� japanese�depressed�patients.
Neuropsychopharmacology.�2006;�31�(4):�825–31.�

82.� Serretti�A,�Drago�A,�De�Ronchi�D.�HTR2A�gene�variants�and�psychiatric�disorders:�a review�of�current�literature
and�selection�of�SNPs�for�future�studies.�Curr�Med�Chem.�2007;�14�(19):�2053–69.�

83.� Melse�M,�Tan�SKH,�Temel�Y,�et�al.�Changes�in�5-HT2A�receptor�expression�in�untreated,�de�novo�patients�with
Parkinson’s�disease.�J�Parkinsons�Dis.�2014;�4�(2):�283–7.�

277Med�Razgl.�2019;�58�(3):



84.� Rasmussen�NB,�Olesen�MV,�Brudek�T,�et�al.�5-HT2A�receptor�binding�in�the�frontal�cortex�of�Parkinson’s
disease�patients�and�alpha-synuclein�overexpressing�mice:�a postmortem�study.�Parkinsons�Dis.�2016;�2016:
3682936.�

85.� Lorke�DE,�Lu�G,�Cho�E,�et�al.�Serotonin�5-HT2A�and�5-HT6�receptors�in�the�prefrontal�cortex�of�Alzheimer
and�normal�aging�patients.�BMC�Neurosci.�2006;�7:�36.�

86.� Versijpt�J,�Van�Laere�KJ,�Dumont�F,�et�al.�Imaging�of�the�5-HT2A�system:�age-,�gender-,�and�Alzheimer’s�disease-
related�findings.�Neurobiol�Aging.�24�(4):�553–61.�

87.� Santhosh�L,�Estok�KM,�Vogel�RS,�et�al.�Regional�distribution�and�behavioral�correlates�of�5-HT2A�receptors
in�Alzheimer’s�disease�with�[8F]deuteroaltanserin�and�PET.�Psychiatry�Res�-�Neuroimaging.�2009;�173�(3):
212–7.�

88.� Nitsch�RM,�Deng�M,�Growdon�JH,�et�al.�Serotonin�5-HT2a�and�5-HT2c�receptors�stimulate�amyloid�precursor
protein�ectodomain�secretion.�J�Biol�Chem.�1996;�271�(8):�4188–94.�

89.� Bagdy�G,�Kecskemeti�V,�Riba�P,�et�al.�Serotonin�and�epilepsy.�J�Neurochem.�2007;�100�(4):�857–73.�

90.� Guiard�BP,�Di�Giovanni�G.�Central�serotonin-2A�(5-HT2A)�receptor�dysfunction�in�depression�and�epilepsy:
the�missing�link?�Front�Pharmacol.�2015;�6:�46.�

91. Buchanan�GF,�Murray�NM,�Hajek�MA,�et�al.�Serotonin�neurones�have�anti-convulsant�effects�and�reduce�seizure-
induced�mortality.�J�Physiol.�2014;�592�(19):�4395–410.�

92.� Matsumoto�I,�Inoue�Y,�Iwazaki�T,�et�al.�5-HT2A�and�muscarinic�receptors�in�schizophrenia:�a postmortem
study.�Neurosci�Lett.�2005;�379�(3):�164–8.�

93.� Mita�T,�Hanada�S,�Nishino�N,�et�al.�Decreased�serotonin�S2�and�increased�dopamine�D2�receptors�in�chronic
schizophrenics.�Biol�Psychiatry.�1986;�21�(14):�1407–14.�

94.� Dean�B,�Hayes�W.�Decreased�frontal�cortical�serotonin2A�receptors�in�schizophrenia.�Schizophr�Res.�1996;
21�(3):�133–9.�

95.� Mintun�MA,�Sheline�YI,�Moerlein�SM,�et�al.�Decreased�hippocampal�5-HT2A�receptor�binding�in�major�depressive
disorder:�in�vivo�measurement�with�[8F]altanserin�positron�emission�tomography.�Biol�Psychiatry.�2004;�55
(3):�217–24.�

96.� Rosel�P,�Arranz�B,�San�L,�et�al.�Altered�5-HT(2A)�binding�sites�and�second�messenger�inositol�trisphosphate
(IP3)� levels� in� hippocampus�but� not� in� frontal� cortex� from�depressed� suicide� victims.� Psychiatry�Res� -
Neuroimaging.�2000;�99�(3):�173–81.�

97. Pandey�GN,�Dwivedi�Y,�Rizavi�HS,�et�al.�Higher�expression�of�serotonin�5-HT2A�receptors�in�the�postmortem
brains�of�teenage�suicide�victims.�Am�J�Psychiatry.�2002;�159�(3):�419–29.�

98.� Bhagwagar�Z,�Hinz�R,�Taylor�M,�et�al.�Increased�5-HT2A�receptor�binding�in�euthymic,�medication-free�patients
recovered�from�depression:�A positron�emission�study�with�[1C]MDL�100,907.�Am�J�Psychiatry.�2006;�163�(9):
1580–7.�

99.� Meyer�JH,�McMain�S,�Kennedy�SH,�et�al.�Dysfunctional�attitudes�and�5-HT2�receptors�during�depression�and
self-harm.�Am�J�Psychiatry.�2003;�160�(1):�90–9.�

100.� Nikolaus�S,�Müller�HW,�Hautzel�H.�Different� patterns� of� 5-HT� receptor� and� transporter� dysfunction� in
neuropsychiatric�disorders –�a comparative�analysis�of�in�vivo�imaging�findings.�Rev�Neurosci.�2016;�27�(1):
27–59.�

Prejeto�22. 2. 2018

278 Ivo�Ko�smačin Se ro to nin ski re cep tor tipa 2a: od bio lo gi je do kli ni ke


