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ANOTACIJA

Par biitisku melanokortinu (a-MSH, B-MSH, y-MSHs, ACTH) izpétes sakumu var uzskatit piecu
melanokortinu receptoru subtipu (MCIR-MC5R) atkla§anu, klon€Sanu un ekspresijas vietu
atraSanu (1992.-1993.). Joprojam visneskaidraka ir MC3R un y-MSH peptidu funkcionalas
lomas nozime centralaja nervu sistéma. Tacu intrig€joss ir fakts, ka y-MSH ar augstu afinitati
saistas ar MC3R, un savukart, MC3R ir pladi parstavéts mezolimbiskas dopaminergiskas
sistémas struktiiras - ventral tegmental area (VTA) un nucleus accumbens (NACC), kuras ir
atalgojuma sistémas sastavdalas. Dopamina A10 $unas, kas veido VTA struktiiru, sapem gan
inhib&joSo GABAergisko, gan aktivéjoso glutamatergisko interneironu projekcijas.

Misu zinatniskais darbs ir veltits yv-MSH peptidu (y;- un y,-MSH) neirofarmakologiskajam
aktivitatém, lai vismaz dal€ji noskaidrotu So peptidu funkcionalo lomu smadzepu procesu
regulacija. Darba izmantoti uzvedibas un neirokimijas testi, un modeli laboratorijas dzivniekiem,
ka ari daZzadu receptoru agonisti un antagonisti.

Uzvedibas testos zurkam, intra-VTA ievadoty;- un y,-MSH, tika noveérotas atskirigas, pat
pretgjas uzvedibas reakcijas. yi-MSH (lidzigi agrak izpétitajam a-MSH) izraisija pastiprinatu
grooming uzvedibu un vertikalo lokomociju, kas liecina par dopaminergiskas sist€mas
hiperaktivaciju, kamér y,-MSH izraisija psihodepresijas stavokli (katalepsiju), kas norada uz
antipsihotisku aktivitati dopaminergiskas sistémas [meni. V&l jo vairak, y,-MSH spgja
antagoniz&t y,-MSH izraisitas uzvedibas reakcijas. Talakie neirokimiskie pétjjumi (izmantojot
smadzepu mikrodializes metodi) paradija, ka gan o-MSH, gan y;-MSH paaugstinaja dopamina
un DOPAC koncentraciju NACC struktura, turpreti y,-MSH samazinaja abu monoaminu
koncentraciju. Lidzigi, k@ to noveroja uzvedibas testos, arT Saja gadijuma y,-MSH antagonizgja
y1-MSH efektus. Sie dati liecina, ka abi y-MSH peptidi spgj bitiski modulét dopaminergisko
aktivitati mezolimbiskaja sist€ma, un §is ietekmes ir ne vien atSkirigas, bet gan pilnigi pret€jas.
Tas norada uz S§o peptidu funkciondlo lomu, piedaloties smadzepu savstarpgji
reguléjoSo/normaliz€jo§o dopaminergisko procesu balanséSana, kura y,-MSH darbojas ka
psihoaktivejoss, bet y,-MSH ka antipsihotisks (antiSizofrénisks?) faktors.

Abu y-MSH peptidu (ievadot intracisternali) pretéja darbiba atklajas ari glutamatergiskas
sistémas lTmeni, izmantojot fenciklidina (PCP) hiperlokomocijas (Sizofrenijas) modeli pelem.
Saja testa y;-MSH pastiprinaja PCP lokomotoro aktivititi, turpretim y,-MSH to samazinaja. Bez
tam y,-MSH antagonizéja v,-MSH potencgjoSo efektu attieciba uz PCP darbibu. y,-MSH pilnigi
antagoniz€ja inta-VTA ievaditd glutamata receptora liganda NMDA neirotoksiskos efektus
zurkam.

Savukart analgézijas pétijumi atklaja, ka y,-MSH (bet ne y,-MSH) izraisa stabilu un ilgstosu (90
min) neopiatu analg€ziju, kura realiz€jas, ietverot GABAA receptora mediétos procesus. T3,
GABAA receptora GABA saita ligands — agonists muscimols potencéja y,-MSH analgeziju, bet
§a saita antagonists bikukulins antagonizg&ja y,-MSH analgéziju. Savukart y;-MSH darbojas ka
GABAA\ receptora benzodiazepina saita liganda - diazepama darbibas antagonizétajs. Abi peptidi
atSkirigi 1etekm& ari GABAa modulatora etanola efektus: y,-MSH potenc€ja, bet v,-MSH
antagonizgja etanola analgéziju.

Tadéjadi $aja zinatniskaja darba pirmo reizi paradita melanokortinu daudzveidiga ietekme uz
centralas nervu sistémas procesiem, kuros iesaistiti ne tikai melanokortinergiskie mehanismi, bet
arT dopamin-, glutamat- un GABAergisko procesu modulacija. Vissvarigakais p&c musu domam
ir atklatais y;-MSH un y,-MSH pretéjas darbibas (pat savstarpgja darbibas antagonisma)
fenomens, ko var uzskatlt par biitisku argumentu musu hipotézei par abu y-MSH peptidu
funkcionalo lomu regulét psihoaktivacijas motivacijas un sapju percepcijas limeni, kam var bt
liela nozime turpmaka melanokortinu vai to receptoru ligandu izmanto$ana jaunam
farmakoterapétiskam stratégijam psihopatologiju korigesana.
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1. IEVADS

Kop$ neiropeptidu éras sakuma pagajusa gadsimta 70. gados, informacija par peptidu
veido3anos, lokalizaciju, to receptoriem un funkcionilo lomu ir pieaugusi lavinveidigi.
Ta melanokorti, par kuru nozimi smadzenés bija visai maza izpratne, kops 90. gadu
sakuma ir kjuvusi par vienu no visvairak pétitiem peptidiem. Pirms 10 gadiem (1992.-
1993.g) izdarito atklajumu var uzskatit par revoluciju neirozinatnés, kas paradija piecu
melanokortina receptoru subtipu (MC1R-MCSR) eksistenci dazadas Sunas. Lidz ar to
intensivak tika pétitas melanokortinu “gimenei” piederos$o peptidu (AKTH, a-, B- yi- un
v.-MSH) farmakologiskas ipasibas un to lidzdaliba dazadas organisma norisés, kas Iidz
$im likas pilnigi nesaistitas ar Siem peptidiem.

Lidz $im vislielaka uzmaniba pievérsta melanokortinu receptoru 1. un 4. subtipam
(MCI1R un MCA4R, attiecigi), ar kuriem augstaku saistBanas sp&ju uzrada filogenétiski
vecakais melanokortinu peptids - a-MSH, kur§ izraisa vardes adas melanocitu dispersiju
un lidz ar to pigmentacijas maipas. Tacu pédejo 5-7 gadu pétijjumi parada, ka MCIR un
a-MSH var piedalities ari cilvéka melanomas tumorogenéz€ un pretiekaisuma procesu
regulaciyja. MC4R iesaistas apetites regulacija, tadejadi intensivi tiek pétits Sis receptoru
subtips tadu patologiju ka anoreksija un aptaukoSanas konteksta. Iegitie dati liecina, ka
MC4R agonisti sp€j samazinat apetiti, bet antagonisti stimulé apetiti, 1zraisa baribas
uznemsanas un svara pieaugumu,

Vismazak ir pétiti y-melanokortini, kuri ar augstu afinitati saistds ar melanokortinu
receptoru 3. subtipu (MC3R). Intrig€josi, ka §is subtips ekspreséjas dazados smadzeqpu
kodolos, 1pasi pladi - smadzegu dopaminergiskaja mezolimbiskaja sistéma. Zinams, ka
dopaminergiska mezolimbiska sistéma ir iesaistita atalgojuma un emocionalo procesu
regulacija, tatad vielu atkaribas, $izofrénijas un citu psihoaktivacijas stavokju disbalansa.
Divas nozimigas §is sistémas strukturas ir ventral tegmental area (VTA) un nucleus
accumbens (NACC). Dopamina A10 Sinas, kas veido VTA struktiiru, sapem gan
inhibéjoso (GABAergisko), gan aktivejo$o (glutamat- un holinergisko) interneironu
projekcijas, kas modulé dopamina izdalisanos NACC. Dopamina hiperprodukcija VTA
Sizofrénijas pacientiem, ka arl personam, kas cie§ no vielu atkaribas problémas, var
1zraisit psihozes, paranoidalas manijas un tamlidzigas izpausmes.

Latvija y-MSH peptidu pétijjumiem uzmaniba tika pievérsta kop§ 1995. gada profesores
Viyas Klusas vadiba. Petjumi tika uzsakti Latvias Organiskas sintézes institita
Farmakologijas laboratorija un turpinas Latvijas Universitates Farmakologijas katedra.
Neap$aubami stimuléjosa nozime $ajas aktivitatés ir bijusi sadarbibai ar Upsalas
Universitates zinatnieku grupu profesora Jarla Vikberga vadiba un Howard Hughes
Medical Institute (ASV) granta bitiskam finansialam nodro§inajumam (1995.-2000.).



Sis darbs ietver pétijumu rezultatus, kas iegiiti, izstraddjot LU bakalaura, magistra grada
un doktorantiiras darbu iepriek§ minétaja laboratorija un katedra. Darbs veltits y-MSH
peptidu centralo farmakologisko efektu izpétei, ietverot peptidu izraisitas uzvedibas
reakcijas un neirokimiskos mehanismus. Pirmo reizi paradita So peptidu sp€ja izraisit
savdabigu laboratoryas dzivnieku uzvedibas repertuaru, kura iesaistiti ne tikai
melanokortinergiskie mehanismi, bet ari dopamin-, glutamat- un GABAergiskie procesi.
Visinteresantakais péc miisu domam ir atklatais y,-MSH un y,-MSH pretéjas darbibas
(pat savstarpéja darbibas antagonisma) fenomens, lai gan abu y-MSH peptidu strukttras
liela meéra ir lidzigas. Daudzos pétijjumos atklata y,-MSH un y,-MSH pretgju efektu
1zraiso$a iedarbiba norada uz abu peptidu iesp€jamo funkcionalo lomu smadzepu procesu
regulacija, lai nodroSinatu psihoaktivacijas, sapju percepcijas (un, iesp€jams, ari
motivacijas) procesu homeostazi.

legiitie dat1 ne tikai paplasina prieksstatus par melanokortiniem un par to endogéno lomu,
bet var ari rosinat dizainét un sintezét jaunas antipsihotiskas, analgetiskas un motivaciju
reguléjosas vielas-prototipus, bazétas uz pilnigi jauniem mehanismiem, kas atklati $ajos
v-MSH peptidu farmakologiskajos pétjumos.
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2. LITERA TURAS APSKATS

2.1. Melanokortinu  peptidi
2.1.1. Melanokortinu atklaSanas vésture un nomenklatira

Saskana ar IUP AC-IUB konvenciju, hormonu, kas melanocitos stimulé melaniha veidoSanos,
dévé par melanocitstimuléjoSo  hormonu jeb saisinati - MSH Melanocitstimuléjosda  hormona
trivialais nosaukums ir melanotropins. Terminu "opiomelanokortini" lieto attieciba uz jebkuru
peptidu, kura prekursors ir proopiomelanokortins  (POMK), bet par melanokortiniem dévé
vienigi AKTH un MSH izcelsmes peptidus [(X-MSH, ~-MSH, YI-MSH, Y2-MSH un Y3-MSH]
(Eberle, 1988). 1912. gada paradijas pirmais zinatniskais raksts par melanokortinu biologisko
aktivitati, paradot hipofizes ekstrakta ietekmi vardes adas pigmentacijas procesos (Fuchs,
1912). (X-MSH ir viens no pirmajiem peptidu hormoniem, kas tika atklats, un to identificéja,
izoléjot melanofora stimulantus (Lemer and Lee, 1955). lzradijas, ka (X-MSH iesaistas
melanocttu dispersijas procesa un ir atbildigs par adas tum$oSanos, 1960.-to gadu literatlra
atrodami daudzi pétijumi par (X-MSH un AKTH funkcionalo lomu. Salidzinot ar saméra labi
identificétiem (X-MSH darbibas mehanismiem, Vvél joprojam maz ir zinams par y-MSH peptidu
funkcionalo lomu.

2.1.2. Pro-opiomelanokortins  un melanokortinu veidoSanas

Melanokortini  (AKTH, (X-MSH, 13-MSH un y-MSH peptidi), ka arT vairaki citi biologiski aktivi
fragmenti, ieskaitot I3-endorfinu un lipotropinus, organisma tiek enzimatiski saSkelti no kopiga
240 aminoskabju atlikumu gara prekursora - proteina proopiomelanokortina  (POMK) (Uhler
and Herbert, 1983) (1. zim.). POMK aminoskdbju sekvences ir identiskas hipofizé, citos
smadzenu un periféraios audos (Smith and Funder, 1988).

POMK
L_ GKKR S
KR GRR KA clm~~[~- Kil KK K s
V\/ = i "o
'Q""l"'_’”'l: """ ,—I‘[———:I AKT — F - [-. -1
I H I 111 I I I I N 11 11 I 1 1 [ [ I
o HIO 1,0 2M ;>~0
AKTH
Gamma-MSH
o f "Savienojosais" peptids
fou1 a.-MSH
1.1 CLIP
b i J3-LPH
- . -, y-MSH
Tt J3-MSH
P i 13-endorfins
- (Met-enkefalins)

1. zZim. Shematiski attélota peptidu veidoSandas POMK biodegradacijas rezultata
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POMK bioprocesings notiek ar prohormona konvertazu PC1 un PC2 palidzibu Prohormona
konvertaze PC1 generé AKTH, bet PC2, noskelot no AKTH pirmas 13 aminoskabes, veido a-MSH
peptidu. PC konvertazes ir SkistOS3Sun galvenokart lokalizétas neironu liela blivuma serdes
vezikulas un endokrinajas SUIIaSVisbiezak enzirnatiska $kelsana notiek vietas, kur divas polaras
aminoskabes veido peptida saiti: Arg-Arg (R-R), Lys-Lys (K-K), Arg-Lys (R-K), Lys-Arg (K-R).
a-MSH ir atklats arT hipotalama, aknas, nierés, placentd, aizkunga dziedzerl, ada, zarnas un
imunokompetentajas ~ S0nas. Savukart y-MSH peptida klatbltne noteikta atseviskos CNS apvidos,
zarnu neironos un virsnieru medularaja dala (Eberle, 1988). a (a-MSH) norada uz tridekapeptida
izcelSanos no adrenokortikotropina  (AKTH), ~ (~-MSH) nordda uz oktapeptida izcelSanos no
lipotropina (LPH). Centrdlaja nervu sisttma POMK-imunoreaktivie neironi veido divas nozirnigas
neirdlas sistémas: 1) no hipotalama muguréjas dalas Sinu kermeniem, un 2) smadzenu stumbra
S0nu kermeniem, kuru neironi projicéjas dazadas CNS dalas, ieskaitot telencephalon, diencephalon,
mesencephalon, smadzenu stumbru un muguras smadzenes (Low et al., 1994). Galvenais
melanokortinu avots ir hipofizes dziedzeris. Tipiskas S$inas, kas ekspresé POMK, ir hipofizes
vidéjas dalas melanotropas un priek3éjas dalas kortikotropds Sunas. a-MSH un ~-lipotropins ir
hipofizes vidéjas daivas galvenie hormoni. Jauns atklajums tika veikts 2003. gada, kad dzelonzivs
un dzelonrajas POMC génos tika noteikta jauna - delta-MSH peptida esamiba (Dores et al., 2003).

2.1.3. Melanokortinu primara struktdra

Melanokortinu  "gimenes" peptidi atSkiras viens no otra ar aminoskabju sekvencu saturu un kédes

garumu (2. zim.). Tadu tie visi satur farmakoforo vienibu jeb kopéjo tetrapeptidu His® Phe’ Arg®
9

Trp~.

eE | ! ! (1 1] L 1]
H-Ser-Tyr-Ser-Met-Glu#!s.: .. Iri-Gly-Lys-Pro-Val-Lys-Lys-Arg-Arg-
Pro- Val-Lys- Val- Tyr-Pro-Asn-Gly-Al'a-Glu-Asp-Glu-Leu-Ala-Glu-Ala-Phe-
Pro-Leu-Glu-Phe-OH I
a-MSH  (acetilétais) -
Ac-Ser- Tyr—Ser—Met—GIu-H.is Trp:'GIy— Lys-Pro- Val-NH2

II-MSH :
H- yr-Val-Met-Gly:His-

12-MSH :
H- yr-Val-Met-Gly: .is— Trp~p-Arg-Ph Gly-OH
- .
1J-MSH

H- Tyr- Val-Met-Gly:~ :J5 UM {\sp-Arg-Phe-Arg-Arg-Asn-Gly-Ser-
Ser-Ser -Ser-Gly- Val-Gly-Gly- Ala- Ala-GIn-OH

2. Zim Melanokortinu  peptidu prirnara struktira Brina krasa iekrasots MSH peptidu kopéjais

fragments jeb farmakofora vientba, YI-MSH un Y2-MSH molekulas homologiska struktira attélota
rarnt,
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o-MSH aminoskabju sekvence ir identiska pirmajam 13 aminoskabém AKTH k&dg, tomér o-MSH
N-terminal€ ir acetil-grupa un C-terminalé amida grupa. a-MSH veido 3 endogénas formas:
dezacetiléto-, monoacetiléto- un diacetiléto. Dezacetilétais a-MSH var veidoties par a-MSH jeb
acetiléto formu (Verburg-van Kemenade et al., 1987). a-MSH galvenokart izdalas hipofizes
melanotropas §iinas, savukart hipotalama - a-MSH dezacetiléta forma. y-MSH peptidu struktiiru
var uzskatit par gandriz homogénu, jo tikai viena papildus aminoskabe (glicins, Gly) y.-MSH
molekulas C terminal€ atskir So peptidu no y;-MSH.

2.1.4. Melanokortinu struktiiras ipatnibas dazadas sugas

Filogenétiski o-MSH ir sena molekula, kas btiba palikus: neizmainita mugurkaulnieku evoltcijas
velinaja laika. o-MSH aminoskabju seciba ir ievérojami lidziga dazadam sugam. Septipas ziditaju
sugas (cukas, versa, aitas, zirga, pértika, kamie|a un zurkas) izdalita o-MSH struktira ir identiska.
Putnu (piles un titara) a-MSH struktiira ir ievérojami lidziga ziditaju o-MSH.

Dazadam sugam y-MSH peptidu struktiiras noteiktas péc atbilstosas DNS sekvences (Eberle, 1988).

2.1.5. Melanokortinu sastopamiba CNS un periférajos audos

o-MSH peptida imunoreaktivitate atklata tris CNS rajonos: hipotalama nucleus arcuatus,
hipotalama dorsolateralaja rajona un nucleus tractus solitarius (Eberle, 1988). No Siem smadzequ
rajoniem izejosas Skiedras projic€jas visas smadzen€s, ieskaitot hipotalamu, talamu, vidus-
smadzenes, amygdala, smadzenites, muguras smadzenes, hipokampu un lielas smadzegu puslodes.
a-MSH ir difazi lokalizéts ar1 periferyja (1. tabula). y-MSH imunoreaktivitate noteikta POMK
ekspres€josos neironos - nucleus arcuatus un nucleus cornu commissuralis (Bloom, 1980), ka ari
citos CNS rajonos. Periférija y-MSH atrasts virsnieru dziedzeri, sirdi, nier&s un citur. a-MSH un y-
MSH klatbitne nervos, kas inervé smadzepu stumbra baroreceptoru rajonus, norada uz iesp&jamo
MSH peptidu ietekmi uz kardiovaskularo sistému (Palkovits, 1987).

1. tabula. Melanokortinu peptidu ekspresija hipofiz€ un periférajos audos

PEPTIDI AUDI
Hipofize

a-MSH, y-MSH Pars intermedia

AKTH Pars anterior
Periférie audi

AKTH Virsnieru dziedzeri, kupgl, resnaja un tievaja zarna, aknas, plauias,
olnicas, liesa

o-MSH Virsnieru dziedzeri, divpadsmitpirkstu zarna, sirdi, tievajas zarnas, aknas,

plausas, olnicas, placenta, liesa, skeleta muskulos, ada, muguras
smadzenes, sekliniekos un vairogdziedzeri
y-MSH Virsnieru dziedzera garoza, sirdi, niers, olnicas, kupgi un asinsvados

Daudzveidigie stresa apstak|i var izraisit 2-8 reizes lielu a-MSH un y-MSH koncentracijas
paaugstindSanos zurku asins plazma. o-MSH koncentracija plazma ir lidziga y;-MSH ITmenim, no

fita ta ir zemaka, bet vakara nedaudz augstaka. o-MSH bazala rita koncentracija asins plazma
svarstas no 10-50pM, vidgji ta ir 28pM.
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Zurku asins paraugos o.-MSH sadaliSanas atrums ir vienaas gan endogéniem, gan sintétiskiem
peptidiem. MSH peptidu pussabruk§anas laiks ir atkarigs no temperatiras svarstibam: 37°C
inkubétiem paraugiem tas ir 39 min, bet uz ledus inkubétiem paraugiem 54 min (Wilson et al.,
1982). Seviski nenoturiga ir o-MSH Phe’-Arg® saite, kas tiek uzskatita par primaro $kel$anos vietu.
Parraujot Phe’-Arg?® saiti, eksopeptidazes sadala fragmentus brivas aminoskabés.

2.2. Melanokortinu receptori
2.2.1. Melanokortinu receptoru atklasana

Jaunu izpratni par melanokortinu funkcionalo lomu ienesa pagajusa gadsimta beigas veiktie
atklajumi, kad tika atklati un klonéti pieci melanokortinu receptoru subtipi (MC1-5R). 1992. gada
divas zinatnieku grupas (prof. J. Wikberg, Uppsalas Universitate, Zviedrija, un prof. R. Cone,
Oregonas Universitate, ASV) neatkarigi viena no otras, izmantojot melanomu $inu [iniju cDNS,
klongja génu, kas kod€ ar G proteinu saistito MSH receptoru jeb MCI1R (Chhajlani and Wikberg,
1992; Mountjoy et al., 1992). Taja pa$d gada tika klonéts ari strukturali [1dzigs receptors, ko
nodévéja par MC2R (Montjoy et al., 1992). Pielietojot molekularas klonéSanas metodes, 1993. gada
tika identificéti tris garakie melanokortinu receptoru subtipi - MC3R, MC4R un MC5R (Chhajlani
et al., 1993; Gantz et al., 1993).

2.2.2, Melanokortinu receptora 1. subtips (MC1R)

MCIR tika atklats pigments$tinu Jaundabiga audzg€ja jeb melanomas $tinas (Mountjoy et al., 1992,
Chhajlani and Wikberg, 1992), ka ari melanocitos un citos audos. Turklat MCI1R ekspresijas
[Tmenis vid&ji pieaug 10 Iidz 20 reizes situacija, kad normali funkciongjosie melanociti parveidojas
par Jaundabigas melanomas S$tinam (Loir et al., 1999). Vesela pieaugusa cilveka ada ar
imunoreaktivitates metodi anti-MCIR antivielas tika konstatétas mata folikula epitélija, sebocitos
un sviedru dziedzera kanila epitélija (Bohm et al, 1999). Sim receptoram ir nozime adas
pigmentacijas un dzivnieku apmatojuma krasas veidoSands procesos. Sobrid ir klongts daudzu
ziditaju (pieméram, grauzéju, govs) un neziditaju (putnu) sugu MC1R (Wikberg, 1999). MCIR
ekspresija tika noteikta ari Leidiga §tnas sekliniekos, corpus luteum luteina $unas un placentas
trofoblastiskas $tnas (Wikberg et al, 2000). MCIR lokalizacija makrofagos un monocitos
(Hartmeyer et al., 1997), neitrofilos (Catania et al., 1996), endotélija §unas, fibroblastos (Boston
and Cone, 1996), keratinocitos (Luger et al., 1997) un microglijas $tnu tipos (Wong et al., 1997)
pedgja laika ir pieversusi ipaSu uzmanibu saistiba ar §i receptora iespgjamo funkcionalo lomu
iekaisuma procesos un MSH peptidu pretiekaisuma darbibu. Izmantojot peJu makrofagu linijas,
kuras eksprese MCIR, tika pieradita a-MSH peptida un ta fragmentu pretiekaisuma darbiba
(Mandrika et al., 2001). Izmantojot in situ hibridizacijas metodi, MC1R ekspresija smadzengs tika
atklata tikai zurku un cilveku smadzepu garozas pelékas vielas neironos (Xia et al, 1995) un
hipofizeé (Chhajlani, 1996), tadu netika konstatéta citos smadzenu rajonos. Tadgjadi tiek piepemts,
ka MCIR nav nozimigas ietekmes uz centralas nervu sistémas funkcijam. MCIR kodgjosais
regions satur bitisku vienkar$u nukleotidu polimorfismu (SNP’s), ka rezultata veidojas fenotipiskas
matu un adas pigmentacijas variacijas. AtseviSkas MCIR mutacijas ir saistitas ar paaugstinatu
melanomas rasanas risku (Wikberg et al, 2000). MCIR saistas ar o, B- un y-MSH peptidiem, tadu
MCIR un a-MSH mijiedarbiba tiek uzskatita par noteicoSo adas pigmenticijas un melanomas
veido§anas procesos.
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2.2.3. Melanokortinu receptora 2. subtips (MC2R)

MC2R tiek saukts ari par AKTH receptoru, jo selektivi saistas tieSi ar AKTH, bet ne ar MSH
peptidiem (Schioth et al., 1996). Vislielaka MC2R koncentracija ir virsnieru garoza, lielakoties
zona glomerulosa un zona fasciculata, ka ari dazas izkaisitas §tnas virsnieru medularaja daja, tatu
MC2R neatrod hipofizé un hipotalama (Xia and Wikberg, 1996). Saistoties ar MC2R subtipu,
AKTH regulé steroidogenézi virsnierés (Hruby et al., 1995). Dabiska MC2R géna mutacija varétu
biit saistita ar glikokortikoidu nepietieckamibu (Weber et al., 1993). Pelu, bet ne cilvéku, taukaudos
atrasta MC2R ekspresija (Chhajlani, 1996; Boston, 1999), kur §is receptora subtips varétu bit
iesaistits stresa izraisita lipoliz€, ko medi€ no hipofizes izdalijies AKTH (Chhajlani, 1996; Boston,
1999). Caliem atrasta MC2R ekspresija gan liesa, gan virsnieru dziedzeri, kas norada uz receptora
papildus funkcijam putniem salidzindgjuma ar zZiditajiem (Takcuchi et al., 1998). MC2R mRNS
noteikta ari cilvéka ada, tad€jadi noradot uz §i receptora subtipa un kortikotropina iespgjamu jaunu
lomu adas fiziologija (Slominski et al, 1996).

2.2.4. Melanokortinu receptora 3. subtips (MC3R)

Sakotngji MC3R tika uzskatits par ‘orfana’ G-proteina receptoru un tika raksturots ka nezinams
receptors, kurs var tikt izmantots ka polimorfisks markieris cilveka hromosomai q20 saistiba ar ne-
insulina-atkarigo diabetes mellitus (Bell et al., 1991; Yamada et al., 1991). 1993. gada MC3R tika
identificéts, kloné&ts un lokalizéts smadzenu, placentas un zarmu audos ar RT-PCR metodi (Gantz et
al., 1993). MC3R ekspresija tika noteikta ari ziditaju sirdi, calu virsnieru dziedzeri, placenta,
zarnas, pelu timusa un peritonealos makrofagos (Chhajlani, 1996; Takeuchi and Takahashi, 1999,
Getting et al., 1999). Sis receptora subtips domingjosi ekspresgjas CNS struktiiras: hippocampus,
ventral tegmental area (VTA), cortex, thalamus, nucleus arcuatus, septum, corpus amygdaloideum,
substantia grisea centralis mesencephali, nucleus raphes, nucleus accumbens (NACC),
hypothalamus (Gantz et al., 1993). Relativi augsts MC3R blivums ir NACC un VTA (Lindblom et
al,, 1998). Smadzenu struktiiras VTA un NACC pieder mezolimbiskai dopaminergiskai sistémai,
kura savukart piedalds atalgojuma procesu regulacija, tadgjadi MC3R dominante varétu bt
interesanta saistiba ar melanokortinu sistémas lomu psihiskas slimibas un atkaribas veidoSanas
procesos. Vairakos pétfjumos ir atrasts, ka MC3R proteins sintezgjas lielakos daudzumos, neka tas
varétu veidoties, pemot vera MC3R mRNS daudzumu, ka ari MC3R ekspresiju arcuate nucleus
POMK neironos. Tas liek domat, ka MC3R var€tu bit lokalizéts uz projic€jo§o neironu nervu
galiem, tatad — presinaptiski un funkcionét ka autoreceptors, reguléjot MSH peptidu izdaliSanos no
POMK neironiem (Lindblom et al., 1998). Pétijumos atklats, ka MC3R ekspresijas blivums embrija
attistibas laika un nobriedu$a organisma ir atSkirigs. MC3R ekspresija uzreiz p&c dzimsanas ir
zema, bet tai ir tendence laika gaita pakapeniski pieaugt (Xia and Wikberg, 1997). Pédgjie pétijumi
parada, ka anaboliskie androgenie steroidi izraisa hipotalama spécigu MC3R blivuma pieaugumu
(upregulation). MSH peptidi var ari stimulét dzimumuzvedibu (Wikberg et al., 2000). Tomér
joprojam MC3R fiziologiskas funkcijas ir saméra neskaidri definétas. Radioliganda saistiSanas
petijumos noteikts, ka pie MC3R ar visaugstako afinitati saistas tiesi y;- un y.-MSH peptidi.

2.2.5. Melanokortinu receptora 4. subtips (MC4R)

Nesenie pétfjumi ir uzradijudi MC4R augsto ekspresiju ziditaju embrija visa ontogenézes attistibas
laika (Kistler-Heer et al, 1998). MCA4R ir pladi izplatits centralaja nervu sistéma un parstavéts
gandriz katra smadzequ rajona: galvas smadzepu garoza, talama, hipotalama, hipokampa, smadzepu
stumbra, muguras smadzenes, septum lateralis, tuberculum olfactorium un VTA (Mountjoy et al |

1994). Izpetot cilveka 20 organus, MC4R ekspresija periférajos audos netika konstatéta (Chhajlani,
1996).

15



Turpretim daudzviet cala periféros audos tika atklata MC4R ekspresija (Takeuchi and Takahash;,
1998). Tomer ir pétijumi, kas parada MC4R iesp&jamo ekspresiju cilvéka adipocitos (Chagnon et
al, 1997). Sis atklajums ir veicinajis pladu pétfjumu veikSanu saistiba ar MC4R un aptaukosanos
problémas risinasanu (Wikberg et al., 2000). MC4R gena kodgjosa regiona mutacijas ir saistitas ar
dominantam autosomali ledzimtam smagam aptaukoSanas formam. Hipotalama un smadzenu
stumbra MC4R ir nozimiga loma baribas uzpems$anas uzvedibas kontroleé. Tiesa o-MSH vai
AKTH-(1-24) ievadiSana hipotalama vai intracerebroventrikulari (ICV) izraisa ieveérojamu baribas
uzpems$anas inhibiciju (Poggioli et al., 1986). a-MSH uzrada augstaku afinitati attieciba pret
MC4R. Saistibu starp baribas uzgemS§anu un melanokortinu receptoriem atklaja 1994.gada, kad
endogénam agouti peptidam atklaja antagonistisku iedarbibu uz MC4R (Lu et al., 1994). Velak
atrada, ka MC4R trukums pelém izraisa tukluma sindromu, kas lidzigs agouti tukluma sindromam
(Huszar et al., 1997). Ar1 MC4R antagonists HSO14 izraisa apetites palielina§anos zurkam un
smagu aptaukoSanos (Kask et al., 1998), tadgadi noradot uz MC4R svarigo lomu baribas
uzpems$anas un kermepa masas kontrolé. Daudzie p&tjjumi norada uz MC4R agonistu iesp&jamo
pielietojumu aptaukoSanas arstéSana, bet MC4R antagonisti varétu biit izmantojami anoreksijas
gadijumos. Hroniska morfina vai kokaina ievadiSana izraisa MC4R ekspresijas inhibiciju smadzegu
rajonos, kas saistiti ar opiatu atkaribu, noradot uz MC4R varbiitgjo lomu atkaribas procesos (Alvaro
et al., 1996). Dazi pétijjumi norada uz MC4R nozimi kardiovaskularas sistémas regulacija, jo o-
MSH un AKTH izraisito arteriala spiediena paaugstinajumu iespéjams nogemt,
intracerebroventrikulari ievadot endogéno MC4R antagonistu - agouti signalpeptidu (Dunbar and
Lu, 1999). Iespejams, ka caur MC4R tiek mediéts arT1 a-MSH neirotrofais efekts: bojata perifera
nerva saaugSana. (Van der Kraan et al, 1999). Centralai MC4R aktivéSanai ir bitiska loma
luteiniz€jo§a hormona un prolaktina sekrécijas reguléSana (Wikberg et al., 2000). Galvena ipatniba,
kas atSkir MC4R no paréjiem melanokortinu receptoriem, ir ta zema saistiSanas sp&ja ar y-MSH
peptidiem, bet nedaudz augstaka affinitate pret 3-MSH, salidzinot ar o-MSH un AKTH (4 tabula.)
(Schioth, 2000).

2.2.6. Melanokortinu receptora S. subtips (MCSR)

MCSR ir pladi izplatits periferajos audos: virsnieru dziedzeri, taukaudos, aknas, nierés, plausas,
limfmezglos, kaula smadzengs, timusa, krii§u dziedzeros, sékliniekos, olnicas, dzemdg, kungi, ada,
liesa, zarnas, skeleta muskulos, kd arT galvas un muguras smadzenés (Chhajlani et al., 1993; Labbe
et al., 1994). Atskirtba no par€jiem melanokortinu receptoriem tikai MCSR subtips tika atklats
skeleta muskujos (Griffon et al.; 1994). MCSR bagatigi ekspreséjas eksokrino dziedzeru (asaru,
prostatas, aizkunga dziedzera, Harderiana) audu sekretoraja epitélija. Atrasts, ka §is receptora
subtips stimulé grauzgju tauku dziedzeru funkcijas (Wikberg et al., 2000). Pelem MCSR iesaistas
tauku dziedzera sekréta veidoSanas un izdaliSanas procesos no tauku dziedzera, ka rezultata kazoks
neizmirkst un notiek termoregulacija (Wikberg, 2001). Lidzigi MCIR ari MC5R saistds ar o-
MSH, AKTH, B-MSH un y-MSH, un §I saistiSanas ir ar daudz zemaku afinitati neka $o peptidu
saistiSanas sp&ja ar MCIR. o-MSH peptidam, aktivéjot MCSR, var tikt stimuléta lipolize
adipocitos. Eksisté sugu atskiribas lipolizes stimulacija adipocitos, pieméram, o-MSH ir daudz
Jatigaka ietekme uz trudiem un juras clicipgm neka pelém, zurkam un primatiem (Boston, 1999). a-
MSH peptids stimulé aldosterona sekréciju virsnieru dziedzeri, un, iespgjams, ka §is efekts tiek
mediéts caur MC5R. Interesants ir fakts, ka o-MSH stimul€ inozitol-trifosfatu un proteinkinazes C
aktivitati glomerulozajas $inas, tadéjadi noradot, ka virsnierés MCSR darbojas caur inozitol-
tnfosfata signala transdukcijas celu (Kapas et al., 1996). Jaatzist, ka dazados organisma audos
MC5R funkcijas joprojam paliek neskaidras.
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Melanokortinu receptoru plasa izplatiba dazados audos un atSkiriga afinitate attieciba uz
melanokortinu peptidiem liecina par MCR daudzveidigo funkcionalo nozimi organisma, kuras
izzinaanai un noskaidro$anai joprojam nepiecieSams veikt vél daudz pétjumus. Piecu
melanokortinu receptoru subtipu ekspresija dazados organisma audos att€lota 2. tabula.

2. tabula. Melanokortinu receptoru subtipu izplatiba audos (Wikberg, 2001)

Receptora | Audi, Stinas
subtips

MCIR Melanociti, melanomas $inas, makrofagi, smadzenes, taukaudi, s€klinieki

MC2R Virsnieru dziedzeris, taukaudi

MC3R Smadzenes, placenta, divpadsmitpirkstu zarna, aizkupga dziedzeris, kupgis, sirds

MC4R Dazadi smadzeqpu rajoni

MC5R Smadzenes, virsnieru dziedzeris, ada, liesa, timuss, s€klinieki, olnicas, muskuli,
plausas, taukaudi, aknas, dzemde, kupgis, kaula smadzenes, leikociti, limfmezgli,
piena dziedzeri, vairogdziedzeris

2.2.7. Melanokortinu receptoru strukturala uzbiive un signaltransdukcijas celi

Melanokortinu receptori pieder ar G proteinu saistito metabotropo receptoru grupai, kam raksturigi
septipi transmembranas (7-TM) domeéni jeb heptaheliksa struktira. Ar G proteinu saistito
metabotropo receptoru grupa ir lielaka ‘receptoru gimene’. Ziditajos atrasti aptuveni 1000 §is
grupas receptoru tipi. MCR raksturojas ar salidzinosi 1su aminoskabju sekvenci salidzinajuma ar
pargjiem receptoriem, kas pieder pie G proteinu saistito receptoru gimenes. Cilveka MC1R, MC2R,
MC3R, MC4R un MCS3R ir, attiecigi, 317, 297, 361, 333 un 325 aminoskabju atlikumu sekvencu
garuma. MCR ir raksturigi 1si N-terminales (25-39 aminoskabes) un C-terminales 17-21
aminoskabes rajoni, ka ari |oti 1sa otra ekstracelulara cilpa (9 aminoskabes). Visiem MCR
subtipiem N terminales domeénos ir vairakas potencialas N-glikozilé§anas vietas.

MCR C-terminales cisteinu molekulas nodroSina taukskabju aciléSanos, piesaistot C-terminali pie
plazmas membranas (Tatro, 1996). Tikai pagajusa gadsimta 90. gadu vidu sakas pétijjumi par MSH
peptidu piesaistiSanos MCR. Konstatgja, ka a-MSH piesaistei pie MCIR ir butiskas divas
aminoskabes: tre§a TM segmenta Asp''” (D117) un sesta TM segmenta His** (H260) (Frandberg et
al,, 1994). Bez tam §im aminoskab&ém ir nozime kopgjas MCIR struktiiras uzturésana (Schioth et al.
1997a). Linearie MSH peptidi ir par kustigiem, lai panaktu precizu liganda saistiSanas. Tadg] tika
sintez&ta mazu, nekustigu ciklisku MSH ‘serdes’ peptidu sérija, piem&ram, [Cys®, Cys'®Jo-MSH(4-
10).
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'na

Ac..cys- His- . Trp-Cys-NMe

3. zim. Kompjatera modeléSanas trisdimensiju modeli attélota MCIR subtipa un cikliska [Cysa,
CyslO]a_MSH@-10) mijiedarbiba (Prusis et. al., 1997).

3. ZIméjuma attélotie peptida-receptora saistiSanas modeléSanas dati rada, ka peptida saistiSanas
notiek 'receptora kabatd', iesaistot gandriz visus TM doménus, iznemot TM4 un TM5. Tacu

neapSaubami visi receptora domeéni ir batiski, lai raditu optimalu proteina konformaciju un
nodroSinatu augstu saistiSanas aktivitati.

Dazadie melanokortinu receptoru subtipi uzrada arninoskabju sekvences homologiju 40% - 60%
robezas (3. tabula). Salidzinot génu homologiju atklaja, ka viszemaka homologija (38%) ir MCIR
un MC2R, turpretl visaugstako homologijas pakapi (60%) uzrada MC4R un MC5R MC2R géna
homologijas pakape ir saméra lidziga ar MC3R, MC4R un MC5R (Mountjoy et al., 1994). Pieciem
melanokortinu receptoriem viszemaka aminoskabju sekvences homologijas pakape atrasta intra-,
ekstracelularajas cilpas un TM4, TM5 dornénos, bet augstaka aminoskabju sekvenéu homologija
noteikta TM 1, TM3 un TM7 domeénos.

3. tabula Aminoskabju sekvenéu homologija (%) pieciem klonétajiem cilvéka melanokortinu
receptoriem (Schiéth et al., 1995; Schiéth et al., 1997)

MCIR MC2R MC3R MC4R MC5R
MCIR 100 38 45 47 44
MC2R 100 42 46 44
MC3R 100 42 57
MC4R 100 60
MC5R 100
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MSH peptidiem un AKTH piemit atSkirtga saistiSanas afinitate pie konkréta MCR subtipa (4.
tabula). Vienigi AKTH ipa1ta fragmenti (ne citi melanokortini) saistdas ar MC2R Ta¢u AKTH un ta
lielakos fragmentus saista ar paréjie melanokortinu receptoru subtipi, savukart AKTH var tikt

saSkelts 1sakos MSH peptidos, kuri uzrada augstaku saistiSanas aktivitati pie Siem MCR (Schioth et
ai, 1995).

4. tabula Ligandu saistiSanas aktivitates ar melanokortinu receptoriem
(Schiéth et al., 1995; Schioth et al., 1996; Schiéth et al., 1997)

MSH peptidu saistiSanas tendence ar MCR subtipiem

2-MSH>a-MSH>AKTH
I-MSH
I-MSH

a.-MSH diacetiléSanas samazina peptida afinitati pret visiem MCR subtipiem, turpretim abas
dezacetiletass AKTH un a.-MSH formas labak saistas ar MC3R. a.-MSH, salidzinot ar "YI-MSH,
uzrada 30 reizes un 2 reizes augstaku saistisanos ar MCIR un MC5R, attiecigi. Turpretim "YI-MSH
saistiSanas afinitate ar MC3R ir 2-3 reizes augstaka neka a.-MSH peptidam. Ar MC3R vislabak
saistas '"Y-MSH peptidi. "Y2-MSHuzrada Iidzigu vai nedaudz vajaku nekd 'YI-MSH saistiSanas
tendenci ar MCR AtSkirtbda no citiem melanokortinu receptoru subtipiem, MC4R ir zemaka
afinitate attieciba uz y-MSH peptidiem. Tadejadi, a.-MSH domingjosi saistas ar MCIR, 'Y-MSH
peptidi ar MC3R un 13-MSH ar MC4R (Schiéth et al., 1995; Schioth et al., 1996; Schioth et al.,

1997). Visi pieci melanokortinu receptori stimulé adenilatciklazi un regulé cAMP veido3anos.
Shematiski tas attélots 4. zZiméjurna.

4. zim. Melanokortina receptora signala transdukcijas cel$, ko ierosina melanokortinu saistiSanas
pie MCR (Gantz, 1993)

AC, adenilatciklaze; cAMF, cikliskais adenozinmonofosflits; DAG, diacilglicerols; IP5, inozitola

1,4 5-trifosflits; MCR, melanokortina receptors; PKA, protefukinaze A; PKC, proteinkinaze C;
PLC, fosfolipaze C.

19



cAMF veido3anas notiek atri, sasniedzot maksimumu 15 min laika. Tacu ir ar dati, kuros postuléts
MC3R fosfoinozitola signdla transdukcijas cels, kura rezultata veidojas IP; (Konda et al., 1994).
MC5R varétu bt saistits ari ar Jak/STAT signala transdukcijas celu (Buggy, 1998). Injicgjot cAMF
antagonistu pirms a-MSH un AKTH lielas koncentracijas, iesp&jams noveérst IP3 samazinasanos un
intracelulara Ca’" Hmepa pieaugumu. Tadejadi, MC3R var bit saistits ar divam sekundiro
‘mesendZeru’ sistémam: PKA/cAMP un IP3/Ca*" (4.zim.). IPs/Ca®" sistému kontrolg PKA, iesaistot
to fosforilacijas regulésana (Wikberg et al., 2000).

2.3. MSH peptidu biologiskie efekti
2.3.1. Pigmentacija

Pagajusa gadsimta seSdesmito gadu pétijumi paradija, ka a-MSH peptids spelé bitisku lomu adas
pigmentacijas intensitates palielina§ana cilvekiem (Eberle, 1988). o-MSH un AKTH sintezgjas
cilveka epiderma ka atbildes reakcija ultravioletas radiacijas ietekmei. Neilgi p€c MCIR subtipa
klongsanas paradijas publikacijas, kuras paradits, ka MC1R géns kontrole ziditaju apmatojuma
krasu. Populaciju pétijjumi atklajusi vairak neka 20 aléeju MCIR géna variantus. MCI1R aktivacija
stimulé cAMF veidoSanos, talak notiek pigmentacijas enzimu (ieskaitot tirozinazi) iesaistiSanas un
melanina veidoSanas. MCIR ir ari liela nozZime eumelanina (melns/briins) un faeomelanina
(sarkans/dzeltens) pigmentacijas veidoSanas regulacija ziditaju melanocitos (Schidth et al,
1999). a-MSH citu sinergétisku mitogenu faktoru klatiené darbojas ka normalu melanocitu
augSanas stimulators. Tadejadi MSH peptidiem darbojoties kopa ar citiem faktoriem, ir butiska
nozime melanocitu Stnu proliferacijas procesos in vivo (Halaban, 2000). Melanocitu |aundabiga
parveidoSanas par melanomu izraisa augSanas autonomiju, ka ari ir saistita ar neskaitamu aug$anas
faktoru un receptoru veidoSanos audzgja $tinas. Melanomas audz€ja $tinas konstatéts augsts a-MSH
imunoreaktivitates [imenis, un melanoma §tinu linijas ekspresé 20 reizes augstaku MC1R mRNS,
salidzinot ar normalo melanocitu aktivitati (Loir et al., 1997). Uz $o bridi vislabak ir izpétita MC1R

saistiba ar o-MSH, ka rezultata var rasties adas pigmentacijas izmaipas un melanomas
tumorogenéze.

2.3.2. Iekaisuma procesi

Melanokortini var veidoties no POMK ne tikai hipofize, bet arT imiinajas $tnas un lidz ar to var
piedalities centralas nervu sistémas, imiinas un endokrinas sistémas regulacija. Imunokompetentas
Sinas producé no POMK veidojoSos peptidus ka atbildes reakciju uz nekognitivu (bakterialu,
viralu) stimulu. Izdaliju$ies peptidi talak ierosina glikokortikoidu sintézi, ietverot imuno-adrenalo
asi, tadejadi izraisot imunosupresiju un pretiekaisuma iedarbibu (5. zZim.)). Pagajusa gadsimta
astondesmito gadu sakuma atklaja, ka a-MSH un AKTH(1-24) ievadiSana var izraisit hipotermiju
un samazinat leikocitu pirogéna izraisito drudzi (Glyn and Lipton, 1981). Iesp&jams, ka a-MSH
iedarbiba ir tiei uz iekaisuma $inam periférija, ka ari iedarbojoties caur centraliem mehanismiem.
Daudzi iekaisuma procesi, pieméram, neirodegenerativas slimibas, smadzegu insults, iek3gjas
smadzequ traumas, encefalits un baktériju endotoksinu izraisitais iekaisums smadzengs tiek
raksturoti ar lokalu citokinu koncentracijas, ipasi TNF-o, palielina$anos. o-MSH inhibé
imunoregulatoro un pro-iekaisuma citokinu (pieméram, interleikinu IL-1c, IL-1B, IL2, interferonu-
¥ un iekaisuma citokina tumora nekrozes faktora TNF-o)) produkciju un aktivitati (Luger et al.,
1997, 1998; Lipton and Catania, 1998).

20



Makroctti, monoctti un tuklas Sonas arT producé a.-MSH. Paaugstinats plazmas o.-
MSH Iimenis atrasts armT AIDS un sepses pacientiem (Airaghi et al., 1999; Catania et al., 2(00).
Melanokortinu peptidi batiski inhibé NO un TNF- o. izdaliSanos no mikroglijas Sanam.

5. zim. No POMK veidojoSo peptidu daliba informacijas parnesé starp CNS un imdno sistérnu
(Blalock et al., 1985).

Melanociti, keratinoctti, citas adas SOnas un iekaisuma Slnas eksprese MCIR MCIR atrasts ka
batisks receptors, kur§ medié a.-MSH pretiekaisuma darbtbu. Nesen atrasts, ka ne tikai a.-MSH
molekula, bet art tas 1saki fragmenti (a.-MSH(I-IO) un a.-MSH(11-13)) var bdtiski nomakt NF-kB
producéSanos MCIR ekspreséjosas makrofagu Sunu ITnijas, kuras apstradatas ar iekaisuma
reagentiem, piemérarn, ar LPS un interferonu-y (Mandrika et al., 2(01). y-MSH imunoreaktivitate
atklata art cilvéka neitrofilajos granulocttos (Johansson et al., 1991).

2.3.3. Uzvedibas reakcijas

Melanokortinu peptidi spéj izraisit plaSa spektra uzvedibas reakcijas, piemérarn, uzmanibas,
atrninas un macisanas procesu stimulaciju, motoros efektus, seksualas uzvedibas un baribas

uznems$anas modifikacijas (De Wied and Jolles, 1982). Pétijumu rezultati liecina, ka a.-MSH un y-
MSH peptidi var uzradit pat diametrali pretéju centralu iedarbibu. Salidzinot gan kopéjo publikaciju
skaitu, gan uzvedibas pétijjumu publikaciju skaitu par a.-MSH un y-MSH peptidiern, jakonstaté, ka
daudz mazak ir pétita y-MSH peptidu loma CNS un periférija y-MSH peptidu izraistto uzvedibas
efektu pétiSana ir viens no Sis disertacijas uzdevumiem.
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2.3.3.1. Grooming uzvediba

Grooming uzvediba ziditajiem (piemé€ram, zurkam, truSiem, kakiem) izpauzas ka raksturigs
kustibu repertuars ar viegli defingjamiem komponentiem, kuri vérsti uz dzivnieka kermena virsmas
motoram aktivitatém, pieméram, sejas apmazgaSanu, kermenpa tiriSanu, kermenpa aplaiziSanu,
kasiSanos un genetaliju apmazgaSanu. Jauna, nezinama vide ierosina spécigu grooming uzvedibu
mazajiem ziditajiem un putniem. MSH, AKTH un to fragmenti ievadiS$ana zurkam izraisa intensivu
grooming reakciju. ST reakcija ir ipa$i spéciga péc a-MSH intracerebroventrikuldras ievadisanas.
LidZigi darbojas art sintétiskie MCR agonisti NDP-MSH, Melanoton-II (Adan et al., 1999) un y;-
MSH peptids (skat. rezultatus). «-MSH un AKTH izraisito grooming uzvedibu bloké ar MCR
antagonistiem HS014 un HSU9119 (Schioth, 2000). Ir pétijumi, kas liek domat, ka grooming efekts
var tikt mediéts, aktivéjot MC4R subtipu (Vergoni et al., 1998). a-MSH vai AKTH injekcija tiesi
smadzegu kodolos, pieméram, VTA, hipotalama paraventrikularaja kodola, hipotalama
dorsomedialaja kodola un hipotalama prieks€ja rajona ari ierosina grooming uzvedibas izpausmes

zurkam (Argiolas et al., 2000). MSH peptidu efekts tiek blokets, ja smadzenu kodolos injice MCR
antagonistus.

2.3.3.2. Dzimumuzvediba

P&tljumos ar abu dzimumu Zzurkam atrasts, ka AKTH un MSH peptidi spg ietekmét
dzimumuzvedibu. Intracerebroventrikulara AKTH(1-24) un o-MSH ievadi$ana zurku, kaku, sunu
un truSu tévipiem veicina dzimumtieksmes uzvedibas izpausmes pat bez pretgja dzimuma
klatbttnes, pieméram, erekciju, ejakulaciju, genetaliju apkopSanu (De Wied and Jolles, 1982).
Tikpat nozimiga ietekme uz dzimumuzvedibu (erekcijas biezumu) izpauzas péc AKTH un MSH
peptidu tieSas injekcijas periventrikularaja hipotalama rajona (Argiolas et al., 2000). Ir noteikti tris
galvenie veidi erekcijas neirdlai autonomai kontrolei: stimul€joSais adrenergiskais, inhibgjoSie
holinergiskais un ar NO mediétais. Turpretim, periféera a-MSH un AKTH injekcija neizraisa
erekciju. Dubultakla pétijuma cilvékiem ar erektivo disfunkciju tika izmantots sintétiskais MCR
agonists Melanotan-II, kura pielietoSana ievérojami palielinaja erekcijas biezumu (Wessells et al.,
1998). Tacu MCR antagonists HS014 ar mazaku efektivitati neka grooming pétijumos, tikai dalgji
antagoniz€ o-MSH izraisito erekciju zurkam (Vergoni et al., 1998), tadgjadi noradot uz MSH
peptidu un AKTH iesp&jami atSkirigajiem molekularajiem mehanismiem grooming uzvedibas un
dzimumuzvedibas regulacija. Sobrid vél nav skaidrs caur kuru receptorw/iem melanokortini medié
erekcijas efektu, un ari kada ir §1 efekta saistiba ar citiem centraliem regulatoriem (pieméram,
dopaminu, serotoninu, acetilholinu, NO, oksitocinu un opioidu peptidiem).

2.3.3.3. Ar baribas uznpemsanu saistita uzvediba

Petfjumi rada, ka ar baribas uzpemsSanu saistito uzvedibu regulé kompleksi mehanismi, kur iesaistas
dazadi peptidi un monoamini no dazadiem CNS rajoniem. Pazistamakie regulatorie faktori
smadzen@s ir neiropeptids Y, kortikoliberins, galanins, oreksins, melaninkoncentréjosais hormons,
monoamini, periférija - leptins un insulins. Adipocitos veidojoSais hormons leptins veido sasaisti
starp periferiju un centralo baroSanas sist€mu. Pagajusa gadsimta astopdesmitajos gados tika atklata
melanokortinu loma apetites centralaja regulacija (Vergoni et al, 1986). Pedgjo gadu pétijumi
noradijusi uz centralas melanokortinu sisté€mas efektiem baroSanas uzvedibas kontrolg, galvenokart
MC4R subtipa lielo nozimi apetites regulacija. Ir zinams, ka a-MSH un agouti peptids (AGRP)
saistas ar MC4R hipotalama, smadzenu stumbra un citos CNS rajonos. Pat &etras nedglas péc o-
MSH ievadisanas novéroja baribas uznemsanas samazinasanos (Lim et al., 2000).
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Toties péc MCA4R knock-out pelem noveéro ievérojamu baribas patéripa pieaugumu, kermena masas
un izméru palielinaSanos (Huszar et al., 1997). Centrala a-MSH, AKTH(1-24) un Melanotan-II
ievadiSana var izraisit anoreksivu, turpretim neselektivs MC4R antagonists SHU9119 un selektivs
MC4R antagonists HS014 — ievérojamu oreksigénu efektu (Kask et al., 1998). Selektivais MC4R
antagonists HSO014 uzrada blokg&josu iedarbibu attieciba pret o-MSH radito anoreksivo efektu,
savukart SHU9119 antagonizé Melanotan-I1 efektu (Vergoni et al., 1998). Relativi selektivais
MC4R agonists B-MSH inhib& badosanas izraisito baribas uzpemsanu, turpretim relativi selektivais
MC3R agonists y;-MSH neuzradija inhib&josu ietekmi uz baribas uzpemsanu (Kask et al., 2000).
Tadgjadi, vairaku pétjjumu dati liecina par MC4R nozimigo lomu baribas uzpems3anas regulacija.

2.3.4. Kardiovaskularie efekti

Melanokortini izraisa dazadus kardiovaskularos efektus. o-MSH un AKTH preventé naves
iestaSanos anestezetiem dzivniekiem tilpuma-kontroléta hemoragiska Soka modeli un ilgstoSas
elpoSanas funkciju apturéSanas apstakjos (Ludbrook and Ventura, 1995). PretSoka efekta
mehanisma pétijumi liecina, ka melanokortini inhib&€ TNF-o un NO parprodukciju Soka apstakjos
(Guarini et al., 1997). Tatu MC4R antagonists HS014 spgj antagonizét AKTH(1-24) izraisitos
efektus $oka stavokli zurkam (Guarini et al., 1999). Saja modeli y-MSH peptidi, kuriem ir augstaka
saistiSanas pie MC3R, neizraisija efektu. a-MSH mikroinjekcija zurku medulla oblongata dorsal-
vagal kompleksa izraisa hipotenzijas efektu un bradikardijas rasanos, ko bloké ar MCR antagonistu
SHU9119 (Li et al, 1996). Turpretim, a-MSH un AKTH centrala ievadi§ana palielina vidgjo
arteridlo spiedienu un lumbara simpatiska nerva aktivitati. So a-MSH un AKTH efektu antagonizé
endogénais MC4R antagonists agouti signalproteins jeb ASIP (Dunbar and Lu, 1999).
Intracerebroventrikulari ievadits, y-MSH izraisa ilgstoSu pressoru, So efektu nesp&j antagonizét
SHU9119. Intravenoza y;-MSH un y,-MSH injekcija normotenzivam zurkam izraisa no devas
atkarigu Tslaicigu asinsspiediena, sirds ritma un pulsa amplitiidas paaugstinasanos. Peptidi, kuriem
C-terminalé nav Arg-Phe sekvences, pieméram, AKTH(1-24), a-MSH un y3-MSH, ir vai nu
mazak aktivi vai neaktivi (Van Bergen et al, 1995, 1997). Jadoma, ka melanokortinu peptidi
iesaistds kardiovaskularas sistémas regulacija gan caur melanokortinu receptoriem, gan ne-
melanokortinu receptoru mehanismiem.

2.3.5. Citas melanokortinu funkcijas

Melanokortinu peptidiem atklata ari antagonizéjosa iedarbiba attieciba uz opiatu izraisito atkaribu,
toleranci un sp&ja inducet opiatu abstinences efektus (Szekely et al., 1979; Contreras et al., 1984).
Uzskata, ka melanokortinu izraisitais antagonistiskais efekts attieciba uz opiatu paSievadiSanu
(‘self-administration’), analg€tisko toleranci un fizisko atkaribu var mediéties caur MC4R (Alvaro
et al, 1997). Melanokortini (a-MSH) var uzlabot aksonalo regeneraciju péc periféra nerva
bojajuma, un pétijumos in vitro un in vivo stimul&t neiritu atjaunosanos. Ir ar1 apstiprinajies, ka o-
MSH var pastiprinat sensori-motoro funkciju péc sédes nerva bojajuma (Van der Zee et al., 1991).
Analizéjot MC3R, MC4R un MC5R ekspresiju Zurkas muguras smadzenés, dorsalas smadzequ
saknités, sézas nerva un muskuli m.soleus, salidzinajuma ar pargjiem subtipiem, MC4R tika atrasts
tikai muguras smadzepu lumbalaja nodalijuma (Van der Kraan et al., 1999). Centrala un periféra o-
MSH ievadiSana samazina endotoksinu (lipopolisaharidu), IL-1, IL-6 vai TNF-o izraisito
temperatiiras  paaugstinasanos (Lipton and Catania, 1998). o-MSH samazina arl
18€mijas/reperfiizijas §nas bojajumus p&c i¥€mijas un inhib& neitrofilu uzkra§anos un NO
produkciju. o-MSH var mazinat nieru bojajumus, ko saista ar peptida sp&ju inhib&t no neitrofiliem
neatkarigu signaltransdukcijas ceJu nieru bojajumu gadijumi (Chiao et al., 1998). Zurku matitém,
bet ne tevipiem, o-MSH palielina luteiniz&jo$a hormona (LH) izdali§anos (Limone, 1997).
Galvenie melanokortinu (ct-, B- un y-MSH) efekti apkopoti S. tabula.
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5. tabula. Melanokortinu izraisitie fiziologiskie efekti (Eberle, 1988)

PEPTIDI MERKA ORGANS EFEKTI

a-MSH Ada Stimulé melanogenézi melanocitos

a-MSH Adenohipofize Inhibe prolaktina izdaliSanos
Modulé LH izdalisanos
Stimulé hGH izdaliSanos

a-MSH, Tauku dziedzeri Stimulé adas tauku sekreciju

~-LPH

a-MSH, Adipociti (truSiem) Stimulé lipolzi

S-MSH

, a-MSH, Virsnieru garoza Stimulé aldosterona sekreciju

~MSH Module AKTH efektus

Y3-MSH

a-MSH Imana sistéma Inhibé IL-1 ierosinatas imdmreakcijas
(pretiekaisuma TpaSibas)

a-MSH, Sirds Pastiprina sirds kontrakcijas

y-MSH asinsvadi Paaugstina asinsspiedienu

a-MSH, Nieres Palielina natriurézi

Y2-MSH

a-MSH Redzes organs Stimulé caurlaidihas izmainas

2.4. Sintétiskie  MCR agonisti un antagonisti

Batiska nozime melanokortinu  funkciondlas lomas CNS un periférija  noskaidroSanai  ir
melanokortinu  receptoru selektivu agonistu un antagonistu radiSanai, ka arm 30 savienojumu
farmakologiskai, farmakokinétiskai un toksikologiskai izpétei. Jau saméra sen tika dizainéts un
parbaudits liels skaits linearu un art ciklisku MSH peptidu analogu. PaSi pirmie jaunu li$andu
mekléjumi pamatojas uz to spéju izraisit adas tumsinaSanas efektu amfibijam un kirzakam. Sobrid
lielakai dalai no Siem peptidiem ir vésturiska nozime, un tikai daZus no tiem joprojam izmanto
melanokortinu receptoru pétisanai. Intensivi tiek mekléti jauni selektivi MCR ligandi.

2.4.1. Agonisti

Viens no pirmajiem un joprojam visvairak eksperimentos izmantotiem linedriem sintétiskiem
peptidiem ir NDP-MSH  ([Nle*-D-Phe’]Ja-MSH  jeb melanotan-1) (6. tabula). NDP-MSH uzrada
augstu saistiSanas afinitati pret visiem MCR (7. tabula). NDP-MSH plaSi izmanto, radiojodétas
formas veida, radioligandu saistiS8anas pétijjumos (Schioth et al., 1995; Schioth et al., 1996).
Pagajusa gadsimta devindesmitajos gados tika dizainéti 23 cikliski laktama peptidi, kuru molekulas
batisko Cetru aminoskabju farmakofora (His-Phe-Arg-Trp) L-Phe tika aizvietots ar

D-Phe. Viens no Siem peptidiem, kas tiek plaSi pielietots melanokortinu fiziologisko efektu izpété ir
metaboliski stabilais MCR agonists melanotan-l11 jeb MTII (Hadley et al., 1989). ArT melanotan-II
neselektivi saistas pie visiem MCR (Wikberg et al., 2000). Eksperimentali melanotan-1l tika
izmantots dzimumtieksmes  stimuléSanai un melanina sintézes izpétei ziditajiem. Melanotan-II
uzrada augstu afinitati attiectba pret smadzenu MC4R un var izraisit apetites samazinaSanos zurkam
(Fan et al., 1997). KITnikd melanotan-1l pielieto psihogénas izcelsmes erektllas disfunkcijas
arstéSana (Wikberg et ai, 2000).
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6. tabula. Nozimigako melanokortinu receptoru ligandu struktaras (Schioth, 2001; Wikberg, 2001)
Peptidi Ligandu struktiiras

NDP-MSH Ac-Ser-Tyr-Ser-Nle-Glu-His-p-Phe-Arg-Trp-Gly-Lys-Pro-Val-NH;

MTII Ac-Nle-Asp-His-p-Phe-Arg-Trp-Lys-NH;

MSO05 Ser-Ser-1le-1le-Ser-His- L-Phe-Arg- L. Trp-Gly-Lys-Pro-Val- NH,

MSO09 Ser-Ser-1le-1le-Ser-His- p-Phe- Arg- .- Trp-Gly-Lys-Pro-Val- NH;

R0O27-3325 Buturil-His-Phe-Arg-Trp-N-methyl glycine- NH;

HS131 (cyclo (S-S)-Ac-L-Cys’-Gly®-D-Nal’-L-Cys-NH,'%) a-MSH’'° trifluoroacetats
HS014 Ac-Cys-Glu-His-p-Nal-Arg-L-Trp-Gly-Cys-Pro-Pro-Lys-Asp- NH,

SHU9119 Ac-Nle-Asp-His-p-Nal-Arg-Trp-Lys-NH, _

HS024 Ac-Cys-Nle-Arg-His-p-Nal-Arg-Trp-Gly-Cys-NH,

HS028 Ac-_Cys-Glu-His-¢Cl-p-Phe-Arg-Trp-Gly-Cys-Pro-Pro-Lys-Asp-NH,

Piezime. Amino skabju atlikumi, kas cikliskajos savienojumos veido gredzenus tiek pasvitroti ar liniju. Nle, norleicins;
D-Nal, B-(-2-naftil)-D-alanins; dCI1-D-Phe, 3,4-dihloro-D-fenilalanins; D-Phe, D-fenilalanins; L-Phe, L- fenilalanins.

Izmantojot MSH peptidu saistiSanas metodi, nesen tika radits superselektivs MC1R agonists MS05
(6. tabula). Tam saméra I1dzigs analogs ir MS09, kas uzrada izteiktaku agonista iedarbibas spektru,
bet ir mazak selektivs neka MS05. Gan MS0S, gan MS09 spgj inhibét iekaisuma mediatora NO
produkciju makrofagu $inas (Szardenings et al., 2000). Sos savienojumus varétu padzi]inataki pétit
ka potencialas pretiekaisuma vielas. Ped€ja laika sintez&ts daudzsolo§s MC4R agonists RO27-3325
(Benoit et al., 2000), talu $is savienojums uzrada salidzino$i zemu afinitite pret cilveka MC4R
(Schioth et al., 1996). Radioligandu saistiSanas pétjumos R0O27-3325 uzradija tikai 40% no tas
cAMF stimulacijas, ko izraisa o-MSH (Szardenings et al., 2000).

7. tabula. Sintezeto peptidu saistiSanas afinitate (K,) ar cilveka MCIR, MC3R, MC4R un MC5R
(Wikberg et al., 2000)

MCIR MC3R MC4R MCSR
Agonisti
NDP-MSH 0.085 0.40 3.8 5.1
Melanotan-II 0.67 34 6.6 46
MS05 0.87 1100 >100 000 >100 000
MS09 0.16 6.5 46 270
R0O27-3325 33000 340 000 250 000 >300 000
Antagonisti
SHU9119 0.71 1.2 0.36 1.1
HS014 110 54 3.2 690
HS024 19 55 0.29 33
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2.4.2. Antagonisti

Pedgja laika ir dizain&ti un sintezéti dazadi melanokortinu antagonisti. Viens no pirmajiem
sintezétajiem MCR antagonistiem bija cikliskais MSH peptidu analogs SHU9119, kur§ darbojas
gan ka neselektivais MC3R/MC4R antagonists, gan dalgjs agonists attieciba pret MC1R un MC5R
(Hruby et al., 1995). Ta ka SHU9119 neuzrada selektivitati ne pret vienu MCR, ta pielietoSana
eksperimentalos pétijumos MCR klasifikacijai ir ierobezota. Talaka ciklisko peptidu dizainéSana
atklaja pirmo selektivo MC4R antagonistu HSO14 (Schioth et al, 1998b). Tacu tas lidzigi
SHU9119 darbojas art ka MCIR un MC5R agonists un uzrada antagonistiskas Tpasibas pret MC3R
(Schisth et al., 1999). Zurkam intracisternala SHU9119 un HS014 ievadi§ana izraisa apetites un
kermepa masas palielinasanos (Kask et al., 1999). MC4R antagonists HS014 bloke leptina izraisito
kermena svara samazina§anas efektu eksperimentalajiem dzivniekiem. Cits ciklisks melanokortinu
peptidu analogs ir HS024, kas atSkiriba no HS014 uzrada apmeéram 10 reizes lielaku saistiSanos ar
MC4R. Tacu, diemzel, HS024 darbojas ka antagonists pret visiem MCR (7. tabula)
Intracerebroventrikulari ievadot HS024, tas izraisa no devas atkarigu baribas patériga
palielinaSanos zurkam (Kask et al., 1998). Interesanti ir dati par 1,4-dihidropiridinu savienojumu
cerebrokrastu, kas uzradijis augstu afinitati pret MC4R (Jansone et al, in press) noradot, ka
cerebrokrasta struktiira varétu optimali atbilst MC4R saistiSanas vietam.

Nesen sintezetie MCR ligandi lielakoties tiek izmantoti eksperimentalos pétijjumos ka MSH peptidu
mode]analogi. 2002. un 2003. gados tika dizainéti un sintezéti vairaki selektivi MC3R un MC4R
agonisti un antagonisti (Grieco et al., 2002; Kavarana et al., 2002; Balse-Srinivasan et al., 2003).
Diemzel, uz So bridi selektivie MCR agonisti/antagonisti nav vél komerciali pieejami. Tas liela
méra apgritina pétjjumus.



3. PROMOCIJAS DARBA PETIJUMU MERKIS UN UZDEVUMI

Noteikt melanokortinu y,-MSH un y,-MSH izraisito uzvedibas repertuaru un ta
neirokimisko pamatojumu, un, vismaz dal€ji, noskaidrot y-MSH peptidu funkcionalo
lomu centralaja nervu sistéma.

UZDEVUMI

1. Veikt uzvedibas un mikrodializes eksperimentus laboratorijas dzivniekiem,

salidzinot y-MSH peptidu darbibu ar standarta peptida a-MSH efektiem (peptidi
ievaditi intra-ventral tegmental area, intra-cerebroventrikulari un intracisternali).

2. Izpetit melanokortinu receptora 4. subtipa (MC4R) antagonistu HS014, HS964 un
HS131 ietekmi uz MSH peptidu izraisitajiem centralajiem efektiem.

3. Izpétit o-MSH, v;-MSH un vy,-MSH izraisito centralo efektu mehanismus,
izmantojot dazadu neirotransmiteru receptoru (dopamina, GABA, glutamate, opiata)
agonistus un antagonistus ka vielas-analizatorus.



4. MATERIALI UN METODIKA

Pétjjumos izmantotas metodes sikak aprakstitas sekojosas publikacijas (I-VII).
4.1. Dzivnieki

Eksperimentos izmantoja Wistar [inijas (GRINDEX Eksperimentalo dzivnieku audzetava, Riga,
Latvija) un Sprague-Dawley linijas (Beco, Zviedrija) zurku tévigus svara 270-350g (attiecigi, I,
II un IV, VII publ.). Analggézijas pétijumos izmantotos BALB/c pelu tévigus svara 202 ieguva
no Mikrobiologijas un Virusologijas institiita, Riga, Latvija (V publ.). Fenciklidina (PCP) un L-
amfetamina (AMP) hiperlokomocijas testos izmantoja BALB/c pelu tévipus (GRINDEX
Eksperimentalo dzivnieku audzétava, Riga, Latvija) svara 19+1g (III publ.). Dzivnieki tika turéti
grupas pa 4 (zurkas) un 8 (peles), konstanta temperatira (21+1°C), relativais gaisa mitrums
55+10%, maksligais gaismas-tumsas diennakts cikls 12:12 stundas (gaisma no 07.00 [idz 19.00).
Dzivniekiem bija pieejama standartizéta sausa bariba un tdens ad /libitum. Eksperimenti tika
veikti diennakts cikla gaismas faz€ starp plkst. 09.00-14.00. Dzivnieku skaits katra grupa bija
zurkam 4-10 un pelém 7-9. Visi pétjjumi, kuros izmantoja laboratorljas dzivniekus tika veikti ar
Latvijas un/vai Zviedrijas Etikas komitejas akceptu.

4.2. Eksperimentos izmantotie reagenti

Y.-MSH tika pirkts no SIGMA CHEMICALS BACHEM, Sveice. Savienojumi HS964, HS131,
HS014 (sintétisko peptidu struktiras skat. nodala 2.10.), «-MSH un y,-MSH tika sintezeti
Uppsalas Universitates, Farmaceitiskas farmakologijas departamenta, Uppsala, Zviedrija.
Peptidus sintez€ja, izmantojot ‘Fmoc-based Pioneer’ peptidu sintézes sisteému (PerSeptive
Biosystems) ar cietas fazes pieeju un attirijja ar augsta spiediena Skidruma hromatografijas
(HPLC) metodi. Precizu peptidu molekulmasu apstiprindja ar masas spektometrijas metodi.
Peptidus iz§kidinaja sterila Gideni un uzglabaja sasaldetu Skidumu veida lidz eksperimenta
sakumam. Pirms eksperimenta peptidu Skidumi tika atlaidinati un atSkaiditi maksligaja
cerebrospinalaja Skiduma (CSF) vai fiziologiskaja §kiduma [idz vajadzigajai koncentracijai. o.-
MSH izmantoja ka standarta peptidu.

Dopaminu (DA) un 3,4-dihidroksifeniletikskabi (DOPAC) ieguva no SIGMA CHEMICALS
(St Louise, ASV). DA un DOPAC pamata atSkaidijumus veica sterila Gdeni un uzglabaja
sasaldétus lidz lietoSanas bridim. Pirms eksperimenta DA un DOPAC pamata atSkaidijumus
atlaidinaja un veidoja vajadzigo koncentraciju at§kaidijumus CSF. CSF sastavs bija sekojoss:
8.65g/1 NaCl; 201.31mg/l KCl; 176.42mg/l CaClz; 172.81mg/l MgCl,, sterils 0dens (Apoteket,
Produktion&Laboratorium, Umea, Zviedrija). Fenciklidinu (PCP), L-amfetaminu (AMP),
naloksona hidrohloridu, bikukulinu iegadijas no SIGMA CHEMICALS (St Louise, ASV).
Haloperidolu (0,5% $kidumu) un diazepamu (5% S$kidumu) nopirka no Gedeon Richter,
Ungarija, bet muscimolu no Fluka AG, Sveice.
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4.3. Uzvedibas reakciju pétijumi (I, II, III publ.)

4.3.1. Zurkas

4.3.1.1. Intra-ventral tegmental area (VTA) vai intracerebroventrikulara (ICV) kanulé§ana
un vielu ievadisana (I, I publ.)

Intracerebralas kanulas (garums 15mm, argjais & 0,56mm) tika izgatavotas no neriis€josa
térauda §lircu adatam un I€nam implantétas ar stereotakses aparata palidzibu zurku kreisaja
VTA: koordinates no bregmas: kaudali -5,2mm, laterali 0,8mm un ventrali -8, 0mm vai kreisaja
lateralaja ventrikuli: koordinates no bregmas: kaudali -1,5mm, laterali 1,0mm un ventral -
3,6mm (Paxinos and Watson, 1982). Anestézija izmantots nembutals (60 mg/kg, i.p.; CEVA,
Sanofi, Francija). Intracerebralas kanulas implant€ja 2mm virs VTA struktiiras, ar noltku, lai
mikroinjekcijas adata tiktu ievadita tieSi VTA. Kanulas pie eksperimentalo dzivnieku
galvaskausa fiks€ja ar dentalo zobu cementu (De Trey, Sevriton, Vacija), ko parklaja ar
durakrilu (SPOFA Dental, Cehijas Republika). Lai novérstu kanulu aizséréSanu ar neiroglijas
leaugumiem, tajas tika ievietota ieliekta, smalka nertus€joSa térauda mandréna, kuru izpéma
pirms vielu ievadiSanas caur kanulu.

Péc kanuléSanas operacijas katrs dzivnieks tika turéts atseviska buri ar brivu pieeju sausajai
baribai un Gidenim. P&coperacijas atkopsanas periods ilga 7 dienas. Eksperimentos izmantotas o-
MSH, HS964, HS014, y;-MSH vai y,-MSH peptidu devas bija 0,3 un 3 nmoli/0,5ul/zurkai.
Kontroles dzivnieku grupai tika izmantots fiziologiskais §kidums 0,5ul/zurkai. Kombinétas vielu
ievadiSanas gadijuma vielas HS964, HS014, y,-MSH vai fiziologiskais $kidums (kontroles
grupai) tika injicétas 15 minates pirms o-MSH vai y,-MSH. Peptidus ievadija manuali caur
kanulu VTA vai ICV, izmantojot 30-kalibra mikroinjekcijas adatu, savienotu ar tievu politeléna
cauruliti (PE-10, Clay Adams, Zviedrija), kura bija savienota ar 75 RN Hamiltona digitilo
mikroslirci (Hamilton-Bonadaz AG, Sveice). Kopgjais injic&jamais tilpums katrai vielai bija 0,5
vai 1pl, ar ievadiSanas atrumu smadzepu struktira 0,25 pl/min. P&c injekcijas veikSanas
mikroinjekcijas adata tika atstata kanula apméram Smin, lai novérstu vielu nopliadi augSup pa
kanulu.

4.3.1.2. Uzvedibas reakciju testi (I, II publ.)

Vienu dienu pirms uzvedibu testu veik§anas Wistar (300-350g) un Sprague-Dawley linijas (270-
340g) zurku tevipus parveda no p&coperacijas telpas uz uzvedibas testu veikSanas telpu, lai
dzivnieki adapttos jaunai videi, ka ari veica handling jeb dzivnieku pieradina$anu pie
eksperimentatora. Eksperimenta veikSanas diend katru zurku ievietoja uz 30min adaptacijai
organiska stikla burt (60cm x 40cm x 15cm), kura péc pétamo vielu ievadiSanas novéros zurku
uzvedibu. Dzivnieku uzvedibas testu uzsaka Smin péc MSH peptidu injekcijas VTA vai ICV.
Uzvedibas reakcijas registréja ar mikroskait|otaju Psion Workabout (Noldus, Niderlande) vienas
stundas garuma. Grooming aktivitate tika izteikta sekundé€s un sastaveja no atsevisku grooming
reakciju (sejas mazgaSanas, kermepa apkopSanas, kasiSanas u.c.) summara ilguma. Grooming
aktivitates rezultati attéloti zimgjumos ka Cetri registracijas periodi: 0-15min, 16-30min, 31-
45min un 46-60min periodi (II publ.) vai summéti ka 0-15min, 0-30min, 0-45min un 0-60min
periodi (I publ.). Bez grooming uzvedibas tika registréta ar1 zurku vertikala (VA), horizontala
(HA) aktivitate un katalepsija. VA un HA tika att€lota ka kopgjais lokomociju gadijumu skaits
uzvedibas testa veikSanas laika. Katalepsijas testa zurkas noveért€ja pirms vielu ievadiSanas un
uzvedibas testa beigas. Katalepsijas stiprums tika vertéts tris secigos testos, nosakot, cik ilgi
dzivnieks saglabadja nekustigu kermepa pozu ar 10s maksimuma laiku katram testam: (1)
dzivnieku novietoja ar priek$kajam uz 7cm augstas barjeras; (2) ar pakalkajam uz tas padas
barjeras; (3) zurka tika novietoja uz 7cm augstam barjeram starp kuram bija 15cm distance
(Kobayashi et al., 1997).
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Katram katalepsijas testam tika piepemts nozimiguma koeficients 0,2, 0,3 un 0,5, attiecigi.
Kopéja katalepsija tika izteikta ka summarais laiks (s), ko dzivnieks pavadija visos 3 testos kopa,
pareizinats ar attiecigo koeficientu (Sanberg et al., 1988).

4.3.1.3. NMDA-toksicitates tests (nepublicéti dati)

Wistar Iinijas Zurku tévigiem (270-340g) injicgja y2.-MSH (0,3 nmol/0,5ul; intra-VTA) Smin.
pirms NMDA (10ug/0,5ul; intra-VTA). Kontroles grupas zurkam intra-VTA ievadija
fiziologisko $kidumu vai NMDA. Registréja $adas uzvedibas reakcijas: horizontdlo aktivitati,
vertikalo aktivitati, ipsilateralas un kontralateralas rotacijas.

4.3.2. Peles
4.3.2.1. Lokomotoris aktivitates tests (III publ.)

BALB/c pelu tévipiem (19-21g) intracisternali (i.c.) ievadija y;-MSH, y,-MSH vai MC4R
antagonistu HS014 (katrs deva 0,3 nmoli/10ul/pelei). Pepftidi tika izSkidinati fiziologiskaja
§kiduma. Fencikiidinu (jeb PCP; 5 mg/kg; i.p.) vai L-amfetaminu (jeb AMP; 5 mg/kg;
subkutani) ievadija 5 miniites pirms peptida injekcijas. Kontroles grupas pelém ievadija 1.p.
fiziologisko $kidumu 10ul/pelei. Eksperimentalos dzivniekus ievietoja aparata (Active Cage,
Ugo Basile, Cat. 7400), kur lokomotora aktivitate tika registréta no 30. [idz 60. mintitei péc PCP
vai AMP ievadiSanas.

4.3.2.2. Analgezijas tail-flick latency tests (V publ.)

o-MSH, v;-MSH, y,-MSH un HS014 (katrs deva 0,3, 1 un 3 nmoli/10ul) tika izskidinati
fiziologiskaja $kiduma un ievaditi (i.c. cisterna magna) BALB/c pelu tévipiem caur J-veida
adatu, kas savienota ar Hamiltona $lirci (metode aprakstita Takagi et al., 1979). Fiziologiskaja
Skiduma iz8kidinatos naloksona hidrohloridu (2 mg/kg), haloperidolu (0,5 un 1 mg/kg; 0,5%
Skiduma), bikukulinu (0,5 mg/kg), diazepamu (10 mg/kg; 5% Skiduma), muscimolu (1 mg/kg)
un etanolu (10% etanola skidums) izmantoja ka vielas-analizatorus un injicgja i.p. pelém pirms
melanokortinu ievadiSanas. Analgétisko efektu noveértgja ar tail flick testu (Dewey, 1981). Peles
aste tika novietota uz aparata (MODEL DS20 SOCREL, Ugo Basile, Italija) fotoelementa
lodzipa. Infrasarkano staru fokusgja uz iezimé&tu punktu dzivnieka asté, orientgjosi 2cm no astes
pamata. 7Tail flick aparats fiks€ja laika intervalu (s), kura pele reaggja uz radito sapju stimulu,
pacelot asti no infrasarkano staru iedarbibas zonas. Lai neraditu audu bojajumus, maksimalais
sapju stimula ilgums neparsniedza 15 sekundes. Peles tail flick testa tika parbauditas 30min,
60min, 90min, 2h, 3h un 24h péc melanokortinu vai vielu-analizatoru injekcijas.

4.4. Neirokimiskie eksperimenti - mikrodializes pétijumi anestezétam Zurkam
IV, VI, VII publ.)
4.4.1. Kirurgiskas procediiras

Smadzenu mikrodialize ir biogéno paraugu savaksanas metode in vivo, kad eksperimentalajiem

dzivniekiem noteikta smadzepu struktira ievieto mikrodializes zondi ar puscaurlaidigu
membranu zondes gala. Vispargjai anestézijai zurkam tika izmantots Inaktins® (80 mg/kg, i.p.).
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Zurkas tika fiksétas stereotakses aparata (David Kopf Instruments, CA, ASV) un tam
nodro§inaja konstantu (37C°) kermepa temperatira ar specialu kermepa temperaturu
kontrol€josu sistému (Temperature Control Unit HB 101/2, Lsi LETICA, Barselona, Spanija).
Mikrodializes zonde (MAB, Agn Tho’s AB, Lidingo, Zviedrija) tika l€énam ievadita Zzurkas
kreisaja NACC; koordinates no bregmas: kaudali +2,2 mm, laterali -1,5 mm un ventral -7,1
mm (Paxinos and Watson, 1982). No NACC savaktajos mikrodializes paraugos izanalizgja
ektracelularo DA un ta metabolita DOPAC koncentracijas. Mikrodializes zondes argjais & bija
0,6mm, mikrodializes membranas garums 2mm, un tai bija 15 000 Daltons’s cutoff PES
(Polyethen Sulphone) membrana. Mikrodializes zonde tika perfuzéta ar maksligo cerebrospinalo
Skidumu (Apoteket, Produktion & Laboratorium, Umed, Zviedrija), izmantojot mikrodializes
stkni (Univentor 684 Syringe pump, Buledel Industrial Estate, Malta) ar plismas atrumu 2
pl/min. Divas stundas péc mikrodializes zondes implanté$anas mikrodializes paraugi tika savakti
ar mikrostkni (Univentor 810 Microsampler, Bulebel Industrial Estate, Malta) polietilena
mikrocentrifigas mégenes ik pa 20 mini§u intervaliem 1 stundas garuma. Savaktie paraugi tika
nekavejoties analizéti augsta spiediena $kidruma hromatografa (skat. zemak). Peptidu ievadi§anu
caur implantétu kanulu VTA uzsaka tad, ja tris pamata mikrodializes paraugu DA un DOPAC
koncentracijas svarstibas bija <15%. 6. Zim&ums attélo smadzenu mikrodializes eksperimenta
veik§anai nepiecie§amo aparatiiru.

6. Zim. Shematiski attelota smadzepu mikrodializes aparatiira.

(1) mikrodializes suknis; (2) injekcijas §lir€u parslédzgjs; (3) kermena apsildamais paliktnis; (4)
mikrodializes paraugu savacgjs; (5) kermepa temperatiiru kontrol&joais aparats un (6)
stereotakses aparats ar fiksétu mikrodializes zondes sist€mu: (a) mikrodializes zondé ieejosa
caurulite; (b) mikrodializes zondes fiksétajs un (c) no mikrodializes zondes izejo3a caurulite.

Intracerebrala kanuia (garums 15 mm, ar&jais & 0,56 mm) tika implantéta ar stereotakses aparata
palidzibu zurku kreisaja VTA,; koordinates no bregmas: kaudali -5,0mm, laterali -0,9mm un
ventrali -7,2mm (Paxinos and Watson, 1982). Detalizétaka VTA kanulé$ana aprakstita 4.3.1.1.
a-MSH (10 nmoli/0,5pul/zurkai), v1-MSH (3 nmoli/0,5ul/Zurkai), v,-MSH (3 nmoli/0,5ul/zurkai)
un HS131 (1 nmols/0,5pl/zurkai) tika izSkidinati maksligaja cerebrospinalaja $kiduma un
ievaditi Zurku VTA. Kombinétas ievadiSanas gadijuma y,-MSH vai HS131 tika injicéti 40min
pirms y,-MSH vai o-MSH, attiecigi. Kontroles dzivnieku grupai VTA tika injicéts maksligais
cerebrospinalais.
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4.4.2. Ekstracelularas dopamina un DOPAC koncentracijas noteikSana ar HPLC (augsta
spiediena Skidruma hromatografijas) metodi

HPLC metodi ar elektrokimisko detektéSanu izmantoja, lai noteiktu DA un ta metabolita
DOPAC ekstracelularo  koncentraciju  smadzenu NACC mikrodializes paraugos (metode
aprakstita Gamache et al., 1993). Biogéno monoaminu atdaliSanai, 40'l1 mikrodializes paraugus
injiceja apgrieztas fazes kolonas (ReproSil-Pur C18-AQ, 150x3mm, dalinu izmérs 5um)
Rheodyne injekcijas ventili savienotd ar 100!l1 garu cilpu. Monaminu oksidéSanai izmantoja
kulonometriskas elektrokimiskas sistémas divus elektrodus. Elektrokimiska detektora (ESA, Inc,
Chelmsford, MA, ASV) pirms-injekcijas dalas aizsargSinas spriegums bija +0,4V (ESA, Guard
Cell Modelis 5020), bet analitiska elektroda spriegums bija +0,34V (ESA, Analytical cell Modei
5011). HPLC sistemas recirkuléjosa mobila faze sastavéja no 900ml ddent (filtréta caur Milipora
filtru) iz8kidinatiem 2g CH3;COONaeH.0, 38,75mg l-oktansulfonskabes, 3,7mg EDTA un
100ml metanola (pH 4). Péc pagatavoSanas mobila faze tika filtréta caur Milipora stikla Skiedras
filtru. HPLC sokna (LKB 2150 HPLC silknis, Bromma, Zviedrija) plasmas atrums bija
0,6ml/min. Hromatogrammu pierakstiSanai izmantoja Mega sérijas integratoru (Carlo ERBA,
Strumentazione, ASV). DA un DOPAC detektéSanas robeza bija 0,4nM.

4.4.3. Histologiska parbaude

Mikrodializes  eksperimenta  beigas veica histologisko  parbaudi, lai parliecinatos  par
mikrodializes zondes pareizu atraSanas vietu NACC, ka arT par kanulas atraSanas vietu nedaudz
virs VTA struktdras. Zurkas tika dekapitétas, srnadzenu audi sasaldéti auksta (starp -20COun
-30C0O) 2-metilbutana Skiduma. Sasaldétas Zurku smadzenes tika sagrieztas kriostata rnikrotoma
aparata (MICROM HM 500 OMV, Laborgerate GmbH, Walldorf, Vacija), planos (35!Im)
frontalos griezumos. Smadzenu audu griezumus piestiprinaja uz iepriek§ ar Zelatinu apstradatiem
priekSmetstikliniem un iekrasoja ar Mayer hematoksilinu (Histolab Products AB, Zviedrija).
lekrasoto smadzenu griezumu palielindgjumus apskatija mikroskopa, kas savienots ar video
kameru (CCD-72, Dage-MTI, Micigana, IN, ASV). Mikrodialize zondes un kanulas atraSanas
vietas parbaudija, izmantojot NIH-Image software programmu (NIl Image 1,54, NIMH,
Bethesda, MD) un Zurku smadzenu atlasu (paxinos and Watson, 1982) (7. zim.).

7. Z1ID.Zurkas smadzenu frontalie griezumi (péc Paxinos and Watson, 1982), kuros redzamas
mikrodializes zondes NACC (a) un kanulas VTA (b) atraSanas vietas attiecigajas struktdras.
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Statistikas aprékinos tika izmantoti tikai to eksperimentalo dzivnieku mikrodializes pétijjuma
rezultati, kuru mikrodializes zonde un intracerebrala kanula bija precizi ievaditas atbilstoSaja
smadzepu struktiira.

4.5. Statistiskie aprekini

Uzvedibas un analgézijas pétijjumu (I, II, V publ)) datu analiz€ pielietoja vienfaktora ANOVA
testu, un statistisko ticamibu starp grupam noteica ar Newman-Keuls vai Bonferoni testiem.
Eksperimentalie dati tika izteikti ka vidgjie aritmétiskie lielumi + standartk|ida (SEM).
Lokomotoras aktivitates testa rezultatus izteica ka vid€jos aritmétiskos lielumus =+ standartk]uda
(SEM), un ticamibas pakapi izvertéja ar ANOVA, un ar sekojoSu Student’s testu. Mikrodializes
pétijumu (IV, VII publ.) datu tris bazalo paraugu videja koncentracija tika piepemta ka kontroles
vertiba un pielidzinata 100%. Eksperimentalie dati tika izteikti ka vidéjie aritmétiskie lielumi
standartk]ida (SEM). Mikrodializes datu (VII publ.) statistiskai aprékinu veikSanai izmantoja
vienfaktora ANOVA testu. Ticamibu starp grupam noteica ar Newman-Keuls un paired t testiem.
Datu analizei pielietoja statistisko programmu Prism 3.0 (graph Pad). Starp-grupu statistiskam
salidzinajumam (IV publ.) pielietoja ANOVA testu un Fisher’s PLSD testu. Statistiskos datu
analizei izmantoja Macintosh programmu StatView 4.51 software. Statistiski nozimigas p-
vertibas bija vienadas un zemakas par 0,05.
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5. REZUL TATI

5.1. Centrali ievadito melanokortinu i to analogu izraistl:asuzvedibas reakciju péttjumi
Zurldim (1, N publ)

5.1.1. a-MSH, 'YI-MSH un "Yz-MSH efekti (D publ.)

Intra-VTA vai leV ievaditie melanokortinu peptidi .-, 'Yl-ioi Y2-MSH)tika pétiti open field
testd Zurkam, Vispirms tika atrasta uzvedibas pétljumiem optimala peptidu deva o.-, Yl-un Yr
MSH ievadija intra-VTA devas 0,3 un 3nmoli/ZUfkai. Grooming  uzvedibas reakcijas un
vertikalo aktivitati Zurkam registréja 15 minates. Tikai a.-MSH, bet ne y-MSH peptidu mazaka
deva izraisija batisku grooming efekta palielindjumu Zurkam (dati nav attéloti ziméjuma). Ta ka
izteiktalru efektu uzradija peptidu lielakd deva - 3nmoli, tad So devu izvéléjamies turpmakajiem
eksperimentiem, lai noteiktu efekta ilguma dinamiku, registréjot uzvedibas reakcijas (grooming

un vertikalo aktivitati) 1 stundas laika ik pa 15 mindSu intervaliem: O-I¢min, 16-30min, 31-
45min un 46-60min (8. un 9. zirn ). Gan a.-MSH, gan arT YI-MSH deva 3nmoli uzradija nozimigu
grooming pastiprinaSanas efektu pirmajas 15rnin, un efekts saglabajas I1dz uzvedibas reakciju
registréSanas beigam 1 stundas garuma (8. zim.). Atskirigi darbojas Y2-MSH(0,3 o1 3nmoli),
kura efekts neatSkiras no kontroles dzivnieku grupas (kurai tika injicéts fiziologiskais Skidums)
grooming uzvedibas (8. zim).

300
*
250
200 D Fiziol. sk.
Ill a-MSH
150
D 'Yt-MSH
100 M ryrMSH
50
0
0-15min 16-30min 31-45min ~

8. zZIm. Melanokortinu a.-MSH, YI-MSHun Y2-MSH(visi peptidi deva 3 nmoli/0,5J.11%urkai)
ietekme uz grooming uzvedibas reakcijam Zurkam vienas stundas laika péc peptidu intra-VTA
ievadiSanas, n=8.

* p< 0,05 vs kontrole (fiziol. 3k.).
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ArT attiectba pret vertikalo aktivitati melanokortinu peptidi eksperimentalajiem dzivniekiem
uzradija daZzadus efektus: YI-MSH (0,3 un 3nmoli) un a-MSH (3nmoli) intra-VTA batiski
palielindja vertikalo aktivitati tikai pirmajas 15 minatés péc ievadisanas, turpretim neviena no
Y2-MSHparbaudttajam devam neietekméja vertikalo aktivitati neviena no stundas garuma
mérTtajiern Cetriem laika periodiem (9. zim.).

35

n *

= 30

B *

. 25 [ FizioL 3k.
3 20 | a-MSH
AT | 'YI-MSH
,%’ 5

0-15min 16-30min 31-45min 46-60 min

9. zZim. Melanokortinu a-MSH, YI-MSHun Y2-MSH(visi peptidi deva 3 nmolil 0,5J11/Zurkai)
ietekme uz vertikalo aktivitati (pacelSanas uz pakalkajam) vienas stundas laika péc peptidu intra-
VTA ievadiSanas, n=8.

* p< 0,05 vs kontrole (fiziol. $k.).

5.1.2. Kombinetas ievadibnas efekti (Yr-MSB+YI-MSH)

Lai noteiktu YI-MSH un Y2-MSH kombinétas ievadlSanas efektus, Y2-MSH (3 nmoli) vai
fiziologiskais Skidums tika ievadlts Zurkam intra-VTA piecpadsmit mindtes pirms YI-MSH (3
nmoli) peptida Kontroles dzivnieku grupa (fiziol. .. +yl-MSH) uzradija nozimigu grooming
uzvedibas intensitates un vertikalas aktivitates palielinaSanos uzvedibas testd 1 stundas laika
periodd Toties YrMSH iepriek3&ja ievadiSana pirms YI-MSH (YrMSH+yl-MSH) nozirrlgi
antagonizéja gan YI-MSH izraisito grooming uzvedibu Q-15min, 31-45 un 46-60min laika
periodos vienas stundas garurna(lO. zim), gan vertikalo aktivitati (dati nav attéloti).

¢ Fiziol. Sk.
iz FizioL $k.+ "YI-MSH
~ 'YrMSH+ 'YI-MSH

~15miD 16-30min 31-45miD  46-6omi.n
10. zZim. Kombinéta ievadisana: Y2-MSHuvai fiziologiska Skiduma ietekme uz YI-MSH izraisito

grooming uzvedibu Zurkam (abi peptidi deva 3 nmolil 0,5JI11/Zurkai) vienas stundas laika péc
intra-VT A ievadisanas. 0=8. * p< 0,05 vs kontrole (fiziol. &.), °p<0,05 vs fiziol, .. + YI-MSH.
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Zurkas tika parbauditas katalepsijas testda 15min un 1 stundu péc intra-VTA injekciju veik3anas.
Vienigi y~MSH abas devas (0,3 un 3nmoli) izraisija katalepsiju. Intra-VTA ievadita y~MSH
izraistta katalepsijas intensitate gan péc 15min, gan péc vienas stundas atbilda vidéji no Cetram
ITdz piecam ballém (no teorétiski iespéjamajam desmit ballém). Kombinétas ievadiSanas
gadijurna (Y2-MSH+yl-MSH)zurkam konstatéja 3,1 balles intenstivu katalepsiju.

5.1.3. MC4R antagonistu HS964 un H8014 efekti un to ietekme uz a.-MSH izraisitiem
uzvedibas efektiem (1 publ.)

Pétijuma merkis bija noteikt MC4R antagonistu HS964 un HS014 uzvedibas reakcijas (grooming
uzvedibu, horizontalo un vertikalo lokomotoro aktivitati) Zurkam, tos ievadot ICV vai intra-
VTA. a-MSH tika izmantots ka standartviela legatie dati liecina, ka gan ICV, gan intra-VTA a-

MSH ievadiSana izraisija nozirrigu grooming uzvedibas aktivitates (vs fiziol.Sk. kontrole)
pastiprinaSanos jau testa pirmo 15 mindsu laika (I 1. zim.).

A Intra-VTA ievadiSana
1000
L«  Fiziol. Sk.
800
* | a.-MSH

600 * | HS964
- T ¢ Fiziol. 8k. +a.-MSH
— 200
= r HS014 +a-MSH
.0 0
Qj D-15min  1€NOmin 31-45min  46-60min
I

'§~ R ICV ievadilana

~ 350

" 300 o

ol [ Fiziol. 3k.

oll 250

E' ¢ a-MSH

- 200 I HS964
150 13 HS014
100 ~ Fiziol. $k.+ a.-MSH
50 [ HSO014 +a.-MSH

0

D-15min  16-30min  31-45min  46-60min

11. zim Intra-VTA (A) vai ICV (B) ievaditu a-MSH, HS964, HS014 un kombinéti ievaditu

HS014 vai fiziol. .. +a.-MSH (visi peptidi deva 3 nmol/Qjiul) izraisitie grooming uzvedibas
efekti zurkam, n=6-10.

*p< 0.05 vs fiziol. .. kontrole, +p< 0.05 vs fiziol. $k.+ a-MSH
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a-MSH izraistta grooming aktivitate Zurkam pakapeniski pieauga Ih laika periodit, un Sis
pieaugums bija izteiktaks péc peptida intra-VTA ievadiSanas. Péc melanokortinu receptoru
antagonistu HS964 un HS014 ievadiSanas Zurku VTA un ICV konstatéja salidzino$i nelielu,
vienmérigu grooming aktivitates pieaugumu HS014 (salidzinot ar HS964) ievadisana ICV
izraistja izteiktdku grooming aktivitates kapumu neka peptida intra-VTA injekcija levadot
HS014 piecpadsmit mindtes pirms a-MSH, tika panakta a-MSH izraisita grooming uzvedibas
efekta samazinaSanas gan péc ICV, gan intra-VTA peptidu ievadisanas (11. zim.). HS%4
antagonizéja a-MSH izraistta grooming uzvedibas efektu tikai pirmaja 15 minQSu perioda péc
peptidu ievadiSanas intra-VTA (dati nav attéloti).

Vertikala aktivitate Zurkam palielindjas péc a-MSH ievadiSanas intra-VTA, bet ne péc peptida
ICV ievadisanas, Vertikalas aktivitates intensitate peéc HS014 peptida ievadiSanas bija I1dziga a-
MSH izraisitajam efektarn. Ne a-MSH, ne HS964 neietek:méjahorizontalo lokomotoro aktivitati
zurkam, Péc peptida HS014 ICV ievadlSanas (bet ne intra-VTA) noveéroja nelielu horizontalas
aktivitates pieaugumu (lokomotoras aktivitates dati nav attéloti).

5.2. 'YI-MSHun "Yz-MSHietekme uz psihoaktivljoSo vielu izraistto biperlokomociju
5.2.1. Fenciklidina (PCP) un amfetamina (AMP) biperlokomocijas tests pelém (Il pubL)

Intraperitonala PCP (5mglkg) injekcija izraisija hiperlokomociju (horizontalo aktivitati) pelém,
y-MSH peptidi, ievaditi intracisternali pelém, uzradija atSkirigu darbtbu hiperlokomocijas
modeit: "YI-MSHpotencéja PCP izraisttos efektus, turpretim Y2-MSHtos antagonizéja (12. zim).

Kombinétas ievadisanas gadijuma pelém gan "Y2-MSHgan MC4R antagonists HS014 uzradija
antagonizejoSu iedarbtbu uz YI-MSH+PCP izraisitas hiperlokomocijas potencésanos (12. zim.).

120
100
80
60
40

20

Fiziol .8k. pcp g1-MSH g2-MSH HS014 gl-MSH +  g2-MSH+  g2-MSH +  HS014 + (g1-
PCP PCP (g1- MSH+PCP)
MSH+PCP)

12. zim. "YI-MSH,Y2-MSHun HS014 (peptidi ievaditi intracisternali, deva 0,3 nrnoli/l Oul/pelei)
ietekme uz fenciklidina (PCP) izraisito hiperlokomociju BALB/c pelérn, PCP (5mglkg, i.p.)
ievadits 5 min pirms peptida Lokomotora aktivitate registréta no 30 min lidz 60 min péc PCP
ievadiSanas. n=9.

* p< 0,05 vs kontrole (fiziol. 8k.), 0p< 0,05 vs PCP, # p<0,05 "Y1-MSH+ PCP.
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Abu peptidu - gan 'YI-MSH, gan 'Y2-MSH intracistemala ievadiSana BALB/c pelérn samazinaja
AMP (5mglkg, subkutani, ievadits 5min pirms peptida) izraisito hiperlokomociju (dati nav
attéloti).

5.2.2. 12-MSH ietekme uz NMDA izraisttam uzvedibas izmainam Zurkam (nepublicéti dati)

levadot NMDA (10J.1g)Zzurku ventral tegmental area, ST aktivéjosa aminoskabe izraisija
dramatiskas izmainas Zurku uzvediba: palielindjas lokornotora aktivitate un paradijas rotacijas.
'Y2-MSH intra- VT A ievadisana 5 mindtes pirms NMDA pilnigi preventéja NMDA izraisitas
neirotoksiskas uzvedibas reakcijas (13. zim).

13. zim, 'YrMSH (0,3 nmolilO,5 llI, kreisaja VT A) ietekme uz NMDA (10 Ilg/0,5 ul/Zurkai)
izraisito lokomotoro aktivitari. NMDA ievadits 5 min péc "Y2-MSH injekcijas. 0=4.

HA - horizontala aktivitate, VA - vertikala aktivitate, I-Rot - ipsilateralas rotacijas, C-Rot-
kontralateralas rotacijas.

* p< 0,05 vs fiziol.8k. + NMDA (kontroles grupa).

5.3. Melanokortinu analgétisko efektu petijumi (v publ.)
5.3.1. a-, 11-,12-MSH un HS014 efekti

Analgézijas pétijumos u-, 'Yl-,'Y2-MSHun MC4R antagonistu HS014 injicéja intracisternali (i.c.)
pelém. Sajos péiljumos tika izmantotas arf dazadas vielas-analizatori  (haloperidols, naloksons,
bi.kukulins, muscimols, etanols un diazepams), lai noteiktu analgétiskds darbibas mehanismus.
Analgétisko efektu noteica pelém tail lliek testa legdtie rezultati parada, ka injicéjot pelém i.c.
'Y2-MSH (0,3, 1 un 3 nmoli), statistiski ticami pagarinajas latentais periods no sapju stimula
(infrasarkanais stars) pieliksanas lidz atbildes reakcijai uz to. Sis analgétiskais efekts sasniedza

maksimumu péc 60 mindtém un bija stabils, ilgstoSs 1idz 90 minatérn péc "Y2-MSH ievadiSanas
(14. zim).
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14. zim 'YrMSH (0,3, 1un 3nmoli, i.c.) izraisttais efekts tai! lliek testa BALB/c pelem n=7-9.
* p< 0,05 vs fiziol. . (kontroles grupa).

'YI-MSH analgétisko efektu uzradija tikai deva 0,3 nmoli, kad tas izpaudas 60-90min perioda (15.
zim).

8
*
*

7
O Fiziol.8k.

6 DO.3nmol
m1 rmol

5 03 nmol

4

3

Izejas dati  30min 60min 90min 2h 3h 24h

15. zim 'YI-MSH (0,3, 1 un 3nmoli, i.c.) izraisitais efekts tail flick testa BALB/c pelem n=7-9.
* p< 0,05 vs fiziol... (kontroles grupa).
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Tacu pilnigi pretéju efektu salidzinot ar YI-MSHun YrMSH, uzradija a.-MSH Intracistemala o.-
MSH (0,3, 1 un 3 nmoli) injekcija pelém izraisija hiperalgéziju 30min mérijjumu perioda:
latentais periods uzradija apméram par 35% pazeminajumu, salidzinot ar izejas datiem (16.
zim.).

7
bi Fiziol.8k.
t:JO.3 nmol
Im 1 nmol
3nmol
2
Izejas dati  30min  60min  90min 2h 3h 24h

16. zim. a.-MSH (0,3, 1un 3nmoli, i.c.) izraisitais analgétiskais efekts tail lliek testda BALB/c
pelém. n=7-9.
* p< 0,05 vs fiziol. $k. (kontroles grupa).

MC4R antagonista HS014 (0,3, 1 un 3 mnoli) i.c. injekcija pelém neizraisija efektu tail lliek
analgézijas testa (dati nav attéloti).

5.3.2. DaZzAdu vielu-analizAtom ietekme uz Y2-MSH izraislto analgétisko efektu

Injicéjot pelém i.c. HS014 (Inmols) vai YI-MSH (1nmols) 30 mindtes pirms YrMSH, konstatéia,
ka Sie peptidi neietekméja Y2-MSH izraistto analgézijas efektu tatl lliek testda Dopamina
receptora antagonists haloperidols (0,5 un Img/kg, i.p.) uzradija bdtisku latentd perioda

pagarindjumu tail lliek testd, taCu tas nozimigi neizmainija Y2-MSH izraisitas latenta perioda
izmarnas.

Opiatu receptora antagonista naloksona (2mg/kg, i.p.) ievadiSana neizraisija izmainas sapju
atbildes latentaja perioda tail lliek testd, un lldzigi haloperidolam arT naloksons (naloksons
ievadits 30min pinos Y2-MSH deva Inmols ievadiSanas) neietekméja Y2-MSH izraisito
analgéziju.

Injicéjot pelem etanolu (4g/kg, i.p.), novéroja izteiktu analgézijas efektu. Kombinétas
ievadisanas gadijuma etanols (4g'kg, i.p.) tika injicéts 10 min pirms intracisternalas a.-MSH, YI-
MSH vai YrMSH (peptidi deva 1 nmols) injekcijas. Konstatéja, ka a.-MSH batiski neietekméja
etanola radito analgézijas efektu, tatu YI-MSHnNozimigi samazinaja etanola izraisito analgéziju.
Turpretim Y2-MSHbdtiski palielindja etanola izraisito analgézijas efektu (17. zhin.).

GABAA receptora antagonists bikukulins (O.Smg/kg, i.p.) per se neizraisija analgéziju pelém.
Kombinétas ievadiSanas gadijuma bikukulinu ievadija 5min pirms intracistemalas a.-MSH, YI-
MSH vai YrMSH (peptidi deva Inmols) ievadiSanas.

40



Bikukulins  pilnigi  antagonizéja  "YYMSH izraisito  analgézijas efektu. Tau kombinétas
ievadiSanas gadijuma bikulrulins neizrnainija ne a-MSH, ne 'YI-MSH efektus tail flick testa (17.
zim.).

GABA, receptora agonists muscimols (Img/kg, i.p.) pats izraisija nelielu analgétisko efektu.
Kombinétas ievadisanas gadijumd muscimolu ievadija 5min pirms intracistemalas a-MSH, ‘v
MSH wvai 'YrMSH (peptidi deva Inmols) ievadiSanas. Kombinétas ievadiSanas gadijuma
muscimols neizraisija izmainas ne a-MSH, ne 'YI-MSH tail lliek testa latentaja perioda Turpreti
'YrMSH 1zraisito analgétisko  efektu muscimols nozimigi potencéja (I7. zim.). Ka vielu-
analizatoru izmantojam arT GABAa receptora benzodiazepina saita ligandu diazepamu (IO
mg/kg, i.p.). Tas per se uzradija analgétisko efektu pelém tail lliek testda Kombinétas
ievadidanas gadijuma diazepamu ievadija 5min pirms intracistemalas a-MSH, 'YI-MSH vai 'tr
MSH (peptidi deva Inmols) ievadiSanas un konstatéja, ka a- un 'YI-MSH batiski samazinaja
diazepama iedarbibu, tacu '"YrMSH neietekméja diazepama analgétisko efektu.

17. zZiméjums attélo '"YrMSH, 'YrMSH analgétisko efektu un to izmainas ar GABA, receptora
ligandiem
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17. zim, "YI-MSH un "Y2-MSH (abi peptidi deva Inmols, i.c.) analgétiskie efekti un to izmainas
kombingjot ar bikukulinu (0,5m!Ykg, i.p.), museimolu (Imglkg, i.p.), etanolu (4glkg, i.p.),
diazepama (IOmg/kg, i.p.) BALB/c pelém tail lliek testda rr=7-9

*p< 0,05 vs fiziol.5k. (kontrole), # p<0,05 vs YYMSH, "p<0,05 vs muscimols + fiziol.sk.,
°p<0,05 vs etanols + fiziol.8k., +p<0,05 vs diazepams + fiziol.8k ..
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5.4. Intra-VTA ievadito melanokortinu un MC4R antagonista BSt3t ietekme uz NACC
ekstracelularo dopamiDa un DOPAC koncentracijas izmaiJ,1Ananestezétam Zurkam
mikrodializes petijumos (1V, VU pnbl)

5.4.1."YI-MSHun "Y~MSH efekti (V11 pnbl)

Ta ka melanokortinu deva 3nmoli/0,51J,luzradija batiskus efektus uzvedibas péttjumos, ta tika
izvéléta arm mikrodializes pétijumos. "YI-MSHun "Y2-MSH(abi deva 3nm01il0,51J,1Yika ievadrti
kreisaja VTA anestezétam Zurkam, un, izmantojot smadzenu mikrodializes metodi, tika
noteiktas ekstracelulara DA un td metaboltta DOP AC koncentracijas lTmena izmainas kreisaja
NACe. Maksligo cerebrospinalo Skidumu (CSF) injicéja kreisaja VTA kontroles dzivnieku
grupai. Kombinétas ievadisanas gadijuma "YrMSH ievadija intra-VTA 40 minQtes pirms "YI-MSH
injekcijas. DA un DOPAC pamata Iimenis mikrodializes paraugos bija 32,3+0,3fmo1/40ll1and
24,6£1 nmol1/40fll, attiecigi. CSF injekcija anestezétu Zurku kreisaja VTA neradija izmainas
NACC ekstracelulara DA un DOPAC koncentracija Toties "Y-MSH peptidu ievadisana VTA
izraislja pretéjus efektus attieetba uz ekstracelulara DA un DOPAC limena izmaindam NACC. 'Yl
MSH izraisija DA koncentracijas palielinaSanos Zurku NACe. Salidzinajuma ar "YI-MSH
izraistto monamina lirnena palielinaanos, 'YrMSH ievadits intra-VTA, pazeminaja DA
koncentraciju NACC mikrodializes paraugos. IntrigéjoSi, ka "YrMSH iepriek$éja ievadisana
40min pirms "YI-MSH(Y2-MSHt+ "Y1-MSH),nozirnigi antagonizéja "YI-MSHizraistto DA limena
pieaugumu (18. zim).
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18. zZim. '"YI-MSH,Y2-MSHin kombinétas ievadiSanas "Y2-MSH+ "YI-MSH(peptidi 3
nmoli/O.aul/ Zurkai, intra-VTA) ietekme uz ekstracelulara dopamina koncentraciju nucleus
accumhens anestezétam Zurkam, Peptidu izraisttais efekts ir attélots procentuali (xSEM),
attiecinot pret dopamina izejas Itmeni (aprékinats ka vidéjais lielums no 3 pamata paraugiem
pirms peptidu intra-VTA ievadisanas). 0=7.

*p<0,05 vs CSF (kontroles grupa), +p< 0,05 vs'YI-MSH.
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YI-MSH ievadi8ana kreisaja VTA izraisija arT ekstracelulara DOPAC limena pieaugumu NACC,

un 8T pieauguma intensitate bija ievérojami lielaka nekd DA limena pieaugums (18. un 19. zim).

YrMSH intra-VTA ievadiSana, I1dzigi ka DA, pazeminaja art DOPAC koncentraciju NACe. 'tr:
MSH ievadisana 40min pirms YI-MSH (kombinéta ievadisana YrMSH + YI-MSH), nozimigi
pazeminaja YI-MSHizraistto DOPAC pieaugumu (19. zim).

Mikrodializes pétijumu rezultati, Itdzigi ka uzvedibas eksperimentu dati, apstiprina, ka abi Y-
melanokortini uzrada atSkirigus, pat pretéjus efektus, ka arT var darboties savstarpéji
antagonistiski.
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19. zim. YI-MSH,Y2-MSHun kombinétas ievadisanas Y2-MSH+ YI-MSH (visi peptidi 3
nmoliO,5JIVZurkai, intra-VTA) ietekme uz ekstracelulara DOPAC koncentraciju nucleus
accumbens anestezétam zurkam. Peptidu izraisitais efekts ir attélots procentuali (xSEM),
attiecinot pret dopamina izejas Iimeni (aprékinats ka vidéjais lielums no 3 pamata paraugiem
pirms peptidu intra-VTA ievadisanas). 0=7.

*p<0,05vs CSF (kontroles grupa), #p<0,05vs YI-MSH.
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5.4.2. MC4R antagonista HS131 efekti mikrodializes pétijumos (IV pnbl)

MC4R antagonists HS131 (1 nrnols/O¢ul) un a-MSH (10 nmoli/u.aul) tika ievaditi kreisaja
VTA anestezétam Zurkam un, izmantojot smadzenu mikrodializes metodi, tika noteiktas
ekstracelulara DA un ta metabolita DOPAC koncentracijas limena izmainas kreisaja NACC.
CSF kreisaja VTA tika injicéts kontroles dzivnieku grupai. HS131 ievadisana intra-VTA
neizmainija DA un DOPAC Ilimeni Zurku NACe. a-MSH ievadiSana kreisaja VTA izraisija gan
ekstracelulara DA, gan DOPAC limena palielinaSanos. Kombinétas ievadiSanas gadijuma HS 131
(ievadits intra-VTA 40 min pirms a-MSH) pilnigi antagonizéja a-MSH izraistto ekstracelularas
DA un DOPAC koncentracijas paaugstinasanos (20. zim).

I_I 2,5
| 2,0
<

T, 15

1,0

Jhn

0,5

0,0
CSF a-MSH HS131 HS131+ a-MSH

25
2,0
Xk
1,5
1,0

0,5

P ilintni, tOUAC T1ao

0,0
CSF a-MSH HS131 HS131+ a-MSH

20. zim, HS 131 (1 nmoli/a.Sul/ Zurkai, intra-VTA), a-MSH (10 nmoli.O.Sul/ Zurkai, intra-VTA)
un kombinétas ievadisanas (HS131 + a-MSH) ietekme uz ekstracelulara DA un DOPAC
koncentraciju nucleus accumbens anestezétam Zurkam. Rezultatiizteikti kd DA un DOPAC
vidéjais lielums (£SEM) 60min péc peptidu ievadiSanas attiecinot pret izejas DA un DOPAC
datiem. 0=4-6.

***n<0,05 vs CSF (kontroles grupa), HS131 un HS 131+ a-MSH.
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6. DISKUSIJA

Melanokortinu peptidi bija vieni no pirmajiem peptidu hormoniem, kurus atkldja jau pagajusa
gadsimta sakuma (Eberle, 1988). Neskatoties uz daudzu gadu pétijumiem, mehanismi, kas regulé
melanokortinu peptidu izraisitos daudzveidigos fiziologiskos efektus-gan smadzegu audos, gan
organisma kopuma, vél joprojam ir saméra maz izprasti. Salidzinot ar tadiem melanokortinu
peptidiem ka AKTH un a-MSH, joprojam 1pa$i maz ir zinams par gamma-melanokortinu (y,-
MSH un y,-MSH) lomu smadzegu funkciju regulé$ana.

Pedejo 5-10 gadu laika zinatnisko publikaciju skaits, kas veltits melanokortinu fiziologiskas
lomas organisma izpétei, ir pieaudzis lavinveidigi. Tas noticis, pateicoties pagajusaja gadsimta
(1992.-1993) izdaritajiem nozimigajiem atklajumiem — piecu melanokortinu receptoru (MCRs)
subtipu (MCIR, MC2R, MC3R, MC4R un MC5R) atklasanai, klonéanai un raksturoanai. Sie
atklajumi tika veikti neatkarigi divos zinatniskos centros: Upsalas Universitaté (Zviedrija) prof.
J. Vikberga vadiba (Chhajlani and Wikberg, 1992; Chhajlani et al., 1993) un Oregonas
Universitaté (ASV) prof. R. Kona vadiba (Mountjoy et al., 1992; Gantz et al., 1993). MCRs ir
plasi lokalizeti dazados audos, tacu smadzepu audos dominé MC3R un MC4R subtipi. Nesenie
autoradiografijas pétjjumi paradija, ka MC3R subtips dominé daudzas Zurku smadzeqnu
strukttiras, piemeram, nucleus accumbens (NACC), ventral tegmental area (VTA), medialaja
preoptiskaja rajona, ventromediala hipotalama kodola (Lindblom et al., 1998). Melanokortinu
receptoru subtipu atraSana smadzepu audos lauj daudz meérktiecigak pievérsties melanokortinu
peptidu izraisito centralo efektu pétiSanai. Dazadi melanokortini uzrada savu specifisko
saisti§anas sp€ju attieciba uz noteiktu MCR subtipu smadzenés. Pieméram, y,-MSH ar trisreiz
augstaku efektivitati neka a-MSH saistas pie MC3R, bet a-MSH uzrada 45 reizes augstaku
saistiSanos pie MC4R subtipa, salidzinot ar y;-MSH saistiSanas afinitati (Schioth et al., 1995,
1996). Peptida y,-MSH saistiSanas pie cilvéka MCR subtipiem ir 2-3 reizes zemaka neka y;-
MSH peptidam (Schioth et al., 1996). Tomér neviens no endogénajiem MSH peptidiem neuzrada
augstu selektivitati attieciba pret MC3R un MC4R subtipiem. Tas, protams, apgritina $o
receptoru lomas izzinaSanu, tacu rada nepiecieSamibu sintezet selektivus MCRs antagonistus, lai
tos izmantotu MSH peptidu izraisito efektu farmakologisko mehanismu analizei. Sobrid pieejami
tikai MCR antagonisti, pieméram HS014, HS964 un HS131, kas ir neselektivi MC3R/MC4R
antagonisti (Schioth et al., 1998b). 2002-2003. gada sintezétie augsti selektivie MC3R un MC4R

antagonisti, diemzél, Sobrid nav komerciali pieejami (Grieco et al., 2002; Balse-Srinivasan et al .,
2003).

Sajé darba misu interese bija fokuséta uz y;-MSH un y,-MSH funkcionalas lomas izpéti, pemot
véra So peptidu augsto saistiSsanas speju ar MC3R subtipu (Schioth et al., 1995) un MC3R augsto
ekspresijas pakapi VTA. Ka zinams, VTA sastav no AlO mezolimbiskajam dopaminergiskam
Sinam, kuru aksoni projicéjas NACC, kas ir galvena So neironu terminald struktiira. A10
dopaminergisko $linu visparéjas aktivitates pastiprinasanas veicina dopamina izdaliSanos NACC
struktira. Ari biologiski aktivas vielas, kas laboratorijas dzivniekiem izraisa hiperlokomociju un
pastiprinatas, stereotipiskas uzvedibas izpausmes (pieméram, izpé€tes reakcijas, grooming) ir
saistitas ar pastiprinatu dopamina izdaliSanos. Dopamina izdali§anas NACC ir nozimigs faktors
arT kognitivo, emociju un atalgojumu procesu regulacija (Spanagel et al, 1992). Tiek uzskatits,
ka viens no faktoriem $izofrénijas izcelsmé ir dopaminergiska hiperaktivitate VTA-NACC
signalu vadiSanas cela, kas var izraisit psihozes, paranoidalas manijas u.c. Citoarhitektoniski
VTA struktira ir Joti komplicéta, jo ta ietver arl citu sistému, pieméram, GABA, glutamata,
opiatu vai holinergisko, ietekmi uz VTA dopamina neironiem (21. zim.). VTA Al0
dopaminergiskas $tnas aktivitati ietekmé neskaitami interneironi, kas var modulét dopamina
izdali¥anos NACC (Spanagel and Zieglgansberger, 1997).
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Sr iedarbiba var bt gan ar aktivéjoSo aminoskabi - glutamatu, kas iedarbojoties uz NMDA
un/vai ne-NMDA receptoriem, gan ar inhib&joSo aminoskabi - GABA, kas saistoties ar GABAA
receptoriem, izraisa inhibéjoSu ietekmi uz DA S0nu aktivitati (21. zim).

~DA~
....... DA

21. zim. Mezolimbiska dopaminergiska sisttma: VTADA neirona aktivitate un DA izdaliSanas
NACC tiek moduléta ar aktivéjoSo un inhibéjoSo interneironu izdalttajiem neirotransmiteriem
(Rommelspacher H, 1997).

Nemot véra komplekso VTA-NACC reguléjoso sistému un augsto MC3R un MC4R ekspresiju
Sajas struktaras, ka ari to, ka y-MSH peptidi vislabak saistas ar MC3R salidzinajuma ar citiem
MCR subtipiem, masu pétijumiem tika izvéléti YI-MSHun Y2-MSHpeptidi. Pétijjumu aktualitati
pamato arftas, ka par y-MSH peptidu funkcionalo lomu véljoprojam nav Tsta prieksstata.

Saja darba par galveno uzdevumu izvéléjamies pétit minéto peptidu uzvedibas reakciju spektru
un to neirokimiskos mehanismus. YI-MSHun Y2-MSH,ka art MC4R agonists a.-MSH un MCR
antagonisti tika ievaditi eksperimentalo dzivnieku smadzenés, galvenokart VTA struktlra o.-
MSH tika izmantots ka standarta peptids.

6.1. MSH peptidu uzvedibas repertuars

Uzvedibas pétijumu rezultati rada, ka a-MSH ievadisana Zurku VTA izraisija pastiprinatu
grooming uzvedibu Grooming uzvediba raksturojas ka laboratorijas dzivnieka aktivitate, kas
vérsta uz kermena virsmas apkopS$anu (sejas mazgaSanu, kermena apkopS$anu, kasiSanos u.c.).
No agrakam zinatniskam publikacijam redzam, ka a.-MSH peptida injekcija ICV var izraisit
intensiva grooming uzvedibu grauzéjiem (Gispen et al., 1975; Torre and Cellis, 1988). Misu
rezultati apstiprindja, ka art intra-VTA a-MSH ievadiSana izraisa grooming uzvedibu, pie kam
peptida izraisitais grooming efekts ir daudz spécigaks neka péc peptida ICV injekcijas. MC4R
antagonista HS014 intra-VTA ievadisana pirms a.-MSH bloké a.-MSH izraistto intensivo
grooming uzvedibu, kas norada, ka a-MSH izraisitd grooming uzvediba, iespéjarns var
realizéties caur MC4R subtipu.
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Citu pétnieku publikacijas rezultati pamato $o domu, jo cits MC4R antagonistiskas darbibas
peptids ACTH(4-10) sp&j blokét ICV ievadita a-MSH izraisito grooming uzvedibu (Adan et al,
1997). Misu pétijumi paradija, ka ari MC4R antagonists HS014 spgj samazinat ICV ievadita a-
MSH intensivo grooming uzvedibu. Parsteidzo§i, bet intra-VTA un ICV ievaditi MC4R
antagonisti (HSO014 un HS964) pasi uzrada nelielu grooming uzvedibas pastiprinasanos,
palielinatu vertikalo un horizontalo aktivitati. Izteiktaku grooming uzvedibas efektu MC4R
antagonisti HS014 un HS964 uzradija péc ICV, nevis intra-VTA injekcijas. So fenomenu griti
izskaidrot, tatu MC4R antagonistu dualistiska darbiba (ari agonisms!) ir nenoliedzams. Tas
varétu but gan ka iedarbibas rezultaits MC4R limeni, gan ari ka cita — tieSa vai netieSa
mijiedarbiba ar daZadam nemelanokortinergiskajam sist€mam.

Salidzinot abu y-MSH peptidu uzvedibas spektru ar a-MSH darbibu, esam atradusi, ka v,-MSH
izraisitais grooming pastiprina§anas efekts bija nedaudz vajaks neka a-MSH izraisitais. Abi
peptidi pastiprinaja ne tikai grooming uzvedibu, bet ari vertikalo aktivitati. Intrig€josi, ka v-
MSH uzraditie uzvedibas efekti zurkam bija diametrali pret€ji tiem, ko izraisa a-MSH un vy;-
MSH: intra-VTA ievadoty,-MSH, nenovéroja intensivu grooming uzvedibu un vertikalas
aktivitates pieaugumu. Atskiriba izpaudas arT taja fakta, ka tikai y,-MSH, bet ne y,-MSH un a-
MSH, izraisija vid€ji spécigu, ilgstosu katalepsijas stavokli eksperimentalajiem dzivniekiem.
Agrakas zinatniskas publikacijas atrodam, ka intracerebroventrikulara y,-MSH injekcija
neizraisa grooming uzvedibas izpausmes (Van Ree et al., 1981). Vel jo vairak, musu petjumu
rezultati pirmo reizi atklaja, ka y,-MSH, kas ievadits intra-VTA pirms y;-MSH peptida, spgja
antagonizét y,-MSH izraisito grooming uzvedibu un vertikalo aktivitati. Dazadie y,-MSH un y,-
MSH uzvedibas efekti bija |ot1 parsteidzo§i, jo strukturali abu peptidu vieniga atSkiriba ir viena
papildus glicina molekula y,-MSH peptida C terminal&. lespgjams, ka tiesi §is kustigais glicina
atlikums v,-MSH molekula var izmainit peptida konformaciju un tadgadi arl peptida
farmakologiskas pasibas.

Misu peétijumos iegitas melanokortinu inducétas ietekmes uz lokomociju un stereotipiskam
uzvedibas izpausmém Jauj spriest, ka Sie peptidi var ietekm& mezolimbiskas sist€mas
dopaminergisko aktivitati. a-MSH un y,-MSH izraisitais grooming pastiprinasanas efekts liela
méra ir lidzigs dopamina receptora agonista amfetamina stereotipiskai uzvedibai, bet y,-MSH
katalepsija — dopamina antagonista haloperidola katalepsijai. Tad&jadi, y,-MSH darbojas ka
psihoaktivéjosa viela, bet y,-MSH uzrada anti-psihotisku raksturojumu. Fenomens, ka y,-MSH
darbojas ka y,-MSH antagonists, iesp&jams, atspogulo So abu peptidu funkcionalo lomu
smadzepu funkcionalas aktivitates reguléSana: y-MSH peptidu pret€ja darbiba var nodro§inat
sabalansétu psihoaktivacijas stavokli mezolimbiskas sistémas neironalajos celos. Sobrid gan vél
paragri spriest, vai MSH peptidu izraisitie uzvedibas efekti ir tieSas mijiedarbibas ar zinamajiem
MCR rezultats, vai iesaistits ir vél kads Iidz §im nezinams MCR subtips, vai arT melanokortinu
uzvedibas efektu izpausmés pem dalibu citas neirotransmiteru sist€mas. Agrakas publikacijas
atrodam datus, ka y,-, y2- un y3-MSH, bet ne o-MSH spgj aizkavét [*H]-naloksona saisti§anos
pie smadzenu opiatu receptoriem, bez tam y,-MSH uzrada zemaku afinitati neka v,-MSH (Oki et
al., 1980). Tomér y-MSH peptidu afinitate attieciba uz opiatu receptoriem ir 1000-kart zemaka
neka pret MC3R. Tadgjadi, ir maz ticams, ka opiatu receptori ir iesaistiti intra-VTA ievadito y-
MSH peptidu izraisitajas uzvedibas reakcijas. Saméra nesen veikts interesants atklajums
izmantojot autorodiografisko metodi Upsalas Biomediciniska centra, kas noradija uz vél lidz §im
nezinama MCR klatbatni VTA struktiira (Lindblom et al., 1998).

Misu veiktajos uzvedibas pétijumos iegiitie dati noradija uz talaku pétfjumu nepiecieSamibu, lai
noskaidrotu neirokimiskos mehanismus, kas ir MSH peptidu at8kirigo uzvedibas izpausmju
pamata. Nako$a nodala sniedz datus par veiktajiem neirokimiskajiem pétjjumiem.
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6.2. Dopaminergiska komponenta neirokimiskais pamatojums

Lai pieraditu MSH peptidu (a-MSH, y,-MSH un y,-MSH) ietekmi uz mezolimbisko DAergisko
sistému, izmantojam smadzegu mikrodializes metodi anestezetam zurkam. a-MSH, y,-MSH, v,-
MSH un MC4R antagonists HS131 tika ievaditi anestez€tu zurku VTA struktura, péc tam
nosakot NACC dopamina (DA) un ta metabolita DOPAC ekstracelularo koncentraciju
mikrodializes paraugos. Mikrodializes p&tfjumu rezultati paradija, ka intra-VTA a-MSH un v;-
MSH ievadiSana izraisija ekstracelularo DA un DOPAC koncentracijas paaugstinasanos NACC.
o-MSH ievadiSana izraisija nedaudz lielaku ietekmi uz dopamina limepa izmaipam neka
DOPAC gadijuma. Turpretim y;-MSH (kas [idzigi k@ o-MSH izraisija izteiktu grooming
uzvedibu zurkam) uzradija daudz izteiktaku ietekmi uz dopamina metabolita DOPAC izdaliSanas
paaugstinadjumu NACC mikrodializes paraugos, noradot uz y;-MSH sp&ju ierosinat sp&cigus un
ilgstoSus DA metabolisma procesus. Interesanti, ka neirokimiskos pétijumos lidzigi ka uzvedibas
pétijumos, y,-MSH ievadits intra-VTA, darbojas atSkirigi no o-MSH un y,-MSH: y,-MSH
samazinaja gan dopamina, gan DOPAC ekstracelularo koncentraciju zurku NACC mikrodializes
paraugos. y2-MSH ietekme uz ekstracelularo DA koncentracijas pazeminasanos bija izteiktaka
neka uz DOPAC limepa pazeminaSanos. Kombinétas ievadiSanas gadijuma y,-MSH injic€ja
pirms y;-MSH, un [idzigi ka uzvedibas pétjjumos tika novérots antagoniz€joSs fenomens starp
abiem y-MSH peptidiem: y,-MSH pilnigi normalizgja y;-MSH izraisitas izmaipas dopamina un
dalgji - DOPAC koncentracija. Sie rezultati liecina, ka a-MSH, y;-MSH un y,-MSH var tiesi vai
netieSi modulét DAergisko sistému. Neirokimiskos pétjjumos iegitie dati labi papildinaja
uzvedibas pétjjumu rezultatus: 1) a-MSH un y,-MSH ierosinata hiperaktivitate (pastiprinata
grooming un lokomotora uzvediba) var tikt saistita ar mezolimbiskas dopaminergiskas sistémas
aktivitates palielinaSanos. Neirokimiskie dati apstiprina So domu, jo «-MSH un v,-MSH intra-
VTA ievadiSana izraisija ekstracelulara DA un DOPAC koncentracijas palielinasanos; 2) tai pasa
laika, y,-MSH inhibgjosa iedarbiba uz NACC dopaminergiskajiem procesiem varétu bt par
pamatu $1 peptida izraisitas katalepsijas izpausmes. Vél jo vairak, y;-MSH un y,-MSH pretgja
liedarbiba uz DAergiskajiem procesiem, un tas, ka vy,-MSH darbojas ka spécigs antagonists
attieciba uz v,-MSH izraisitajiem efektiem, liek domat, ka Sie peptidi ir nepiecieSami, lai
darbotos ka endogénie (iesp€jams, funkcionalie) antagonisti. Ta ka $is neirokimiskais pétfjums
veikts smadzequ struktura, kas attiecas uz mezolimbisko dopaminergisko sistému, tad y;-MSH
un y.-MSH antagonistiskas attiecibas liecina par abu peptidu iesp€jamo lomu $§is sist€mas
aktivitates uzturésana sabalanséta limeni, ipasi modul&ot DA metabolisma procesus.

MC4R antagonista HS131 intra-VTA ievadiSana neizraisija ekstracelulara DA un DOPAC
koncentracijas izmaigpas NACC mikrodializes paraugos, tacu, ievadot HS131 pirms o-MSH,
noveroja pilnigu o-MSH efekta blok&sanu. Tas varétu pamatot hipoteézi, ka a-MSH izraisitais
ekstracelularas DA un DOPAC koncentracijas pieaugums NACC varétu realizéties caur
melanokortinu receptoru aktivésanu, galvenokart, caur MC4R subtipu.

DAergiska komponenta péti§ana izmantojam ari amfetamina (AMP)- izraisito hiperlokomocijas
modeli pelem. Amfetamins darbojas ka psihostimulgjoSa viela, kas izraisa dopamina izdali§anos
no presinaptiskajiem nervu galiem. Talaka dopamina uzkraSanas sinaptiskaja sprauga palielina
postsinaptisko jutigumu. Sie procesi eksperimentalos dzivniekos izsauc pastiprinatu lokomotoro
uzvedibu (Segal, 1975). Misu iegttie rezultati mode]dzivniekos paradija, ka gan y;-MSH, gan
¥2-MSH intracisternala ievadiSana pelém samazinaja AMP-izraisito hiperlokomociju. Dabiski,
més gaidijam, ka y,;-MSH varétu palielinat AMP-izraisito hiperlokomociju, bet y,-MSH -
antagonizét AMP efektus. Tacu ta ka abi peptidi darbojas Sai testa [1dzigi, samazinot AMP-
izraisito hiperlokomociju, tas norada ne tikai uz dopaminergiska komponenta nozimigumu, bet
ari uz $o procesu komplekso raksturu, savstarp€i mijiedarbojoties melanokortin- un
dopaminergiskajiem procesiem, un, iesp&ams, vél citu neirotransmiteru mediétiem procesiem.
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Sobrid ir griiti definét, vai melanokortinu ietekme uz NACC mezolimbisko dopaminergisko
sistému ir tiesa vai netiea. ST jautdjuma noskaidroganai misu talakie pé&tijumi bija versti uz
MSH peptidu izraisito uzvedibas un neirokimisko efektu mehanismu noteikanu, izmantojot
dazadu neirotransmiteru sistému vielas-analizatorus.

6.3. Glutamatergiskais komponents

Pétijumi ar mode|dzivniekiem, kuros izmantojam fenciklidinu (PCP) — NMDA receptora
nekonkur€jo$o antagonistu, paradija, ka y-MSH peptidi sp&j modulét ne tikai DAergiskas, bet arT
glutamatergiskas sistemas aktivitati. PCP tiek uzskatits par modelsavienojumu Sizofrénijas
imitacijai grauz€jiem. Si viela izraisa kustibu aktivitates pastiprinajumu, 1pa$i horizontalas
aktivitates pieaugumu. Uzskata, ka tas saistits ar PCP spgju izraisit pastiprinatu DA izdali§anos
NACC struktura. Tapat ka iepriek§€jos open field testa pétijumos ar zurkam, art PCP modeli
peléem abi y-MSH peptidi (ievaditi intracisternali) demonstréja pretéju iedarbibu: y;-MSH
injekcija pastiprinaja PCP-izraisito lokomotoro aktivitati, turpretim y,-MSH prevent&a PCP
izraisitos efektus. Bez tam, y,-MSH spgja antagoniz& min&to y;-MSH potencgjoso (y;-MSH
+PCP) efektu. Tadgjadi, ari Sie rezultati liecina, ka v;-MSH piemit psihoaktivejoSa iedarbiba, un
tas var palielinat glutamata receptora antagonista PCP aktivitati, bet y,-MSH uzradija anti-
psihotisku iedarbibu. Interesanti, ka ari MCA4R antagonists HSO014 sp€a antagonizét y;-
MSH+PCP izraisito hiperlokomociju. y,-MSH un MC4R antagonista HSO014 [idzigie
antagoniz€josie efekti attieciba pret y;-MSH un y;-MSH +PCP pastiprinato lokomotoro efektu,
norada uz y,-MSH un HS014 lidzigo iedarbibu uz glutamatergiskajiem procesiem organisma. ;-
MSH, y,-MSH un HS014 ietekme uz fenciklidina efektu modulé$anu liecina, ka Sie peptidi,
iesp&jams, izmaina mezolimbiskas DAergiskas sistémas aktivitati caur glutamata-DA receptoru
cross-talk mehanismiem.

¥2.-MSH spéja modulét glutamatergisko sistému izpaudas arl eksperimentos ar zurkam, kuram
kreisaja VTA tika ievadita peiroaktiva aminoskabe NMDA. Ta izraisija pastiprinatu lokomotoro
aktivitati un kontra-lateralas rotacijas. y.-MSH, ievadits intra-VTA S miniites pirms NMDA
intra-VTA injekcijas, pilnigi preventéja NMDA-izraisitas neirotoksiskas uzvedibas reakcijas.

6.4. GABAergiskais komponents

Ja uzvedibas un mikrodializes pétjjumu rezultati noradija, ka daja no centraliem efektiem, ko
ierosina MSH peptidi un to sintétiskie analogi, ir saistiti ar dopamin- un glutamatergiskajiem
procesiem, tad analg€zijas pétijumu rezultati uzskatami noradija uz sarezgito melanokortinu
multifunkcionalo lomu centralas nervu sistémas procesos, un par vismaz vél vienas
neirotransmiteru sistémas - GABAergiskas - butisko lomu melanokortinu izraisitajos efektos.
a-MSH, v;-MSH un y,-MSH tika injicéti intracisternali pelém un registréta to ietekme uz sapju
percepciju tail flick testa. Analgézijas pétijumi paradija, ka tikai y,-MSH (visas trijas devas 0,3, 1
un 3 nmoli, i.c.) sp&ja izraisit izteiktu, stabilu analgéziju, kas ilga Iidz 90 min. y,-MSH
analggtiskais efekts bija daudz spécigaks neka opiatu peptida enkefalina izraisita centrala
analggzija, kas ilga tikai S mindtes (Klusa, 1984).

Interesanti, ka y,-MSH analgézijas efekts nerealiz&as caur opiatu receptoriem, jo $o receptoru
antagonists naloksons neietekméja y,-MSH izraisito analgéziju. Sis efekts nerealizéjas arT caur
melanokortinu receptoru aktivéSanu, jo ne MC4R antagonists HS014, ne ar1 y,-MSH neuzradija
letekmi uz y,-MSH izraisito analggtisko efektu. Ari dopamina receptora antagonists haloperidols
neietekméja y,-MSH uzradito analggziju fail flick testa pelem.
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Talakie pétijumi ar vielam-analizatoriem atklaja, ka vienigi GABAA receptora ligandi ietekméja
'Y2-MSH  analgétisko efektu. GABAA receptora agonists muscimols potencéja 'Y2-MSH
analgétisko efektu, turpret"GABAA receptora antagonists bikukuJins pilniba preventéja "YrMSH
analgéziju TaCu 'YrMSH analgétisko efektu pilnigi neietekméja GABAA receptora
benzodiazepina saita ligands diazepams. Tadéjadi, varam secinat, ka 'Y2-MSH analgéziju ietekmé
vienigi GABAA receptora GABA saita ligandi. Interesanti, ka "YI-MSH un arT a.-MSH batiski
samazinaja paSa diazepama izraisito analgétisko efektu. Etanola izraisito analgézijas efektu
neietekméja intracistemala a-MSH ievadiSana, turpretim 'YI-MSH to samazinaja, bet 'Y2-MSH
palielindja etanola izraisito analgéziju pelém. K.azinarns, etanols darbojas kd GABAA receptora
modulators, pastiprinot GABA ietekmi uz receptoru (Davies and Alkana, 1998). Analgézijas
pétijuma dati liecina par 'Y-MSH peptidu izraistto efektu dazadibu, ietekméjot GABAA receptora
atSkirigo saituligandu efektus. Tas tauj postulét, ka Y2-MSH spéj modulét analgézijas efektus,
kas mediéjas caur GABAA receptora GABA saitu, a-MSH un YI-MSH - benzodiazepina saitu un

abi y-MSH peptidi pretéji, ietekméjot etanola saitu. 22. ziméjums attélo GABAAreceptora saitus:
GABA, benzodiazepina (Bzd), etanola u.c.

22. zim GABAA receptora saiti: receptora proteina organizacija (A) un tas attélojums
Skersgriezuma (B).
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Interesants ir ari fakts, ka o.-MSH (visas tris devas 0,3, 1 un 3nmoli, i.c.) sp€ja izraisit 1slaicigu
hiperalgéziju. Sis hiperalgézijas efekts sasaucas ar agrak publicétiem datiem, ka o-MSH
ievadifana ICV Zurkim izraisa hiperalgéziju (Sandman and Kastin, 1981). Apkopojot miisu
rezultdatus par melanokortinu izraisitajiem analgézijas efektiem, jasecina, ka y,-MSH centrala
analg€zija neiesaista ne melanokortinergisko, ne opiatergisko, ne DAergisko sisteému, bet Sis
analgézijas efekts tiek realiz€ts ar tieSu un/vai netieSu GABA, receptora GABA saita
stimulacijas starpniecibu.

Rezuméjot visus misu pétjjumu rezultatus redzam, ka melanokortinu izraisitajos centralos
efektos (gan uzvedibas, gan neirokimiskos) iesaistas ne tikai melanokortinergiska, bet arT citas
CNS neirotransmiteru sistémas - DAergiska, GABAergiska un glutamatergiska. Tas nozimé, ka
melanokortinu funkcionala nozZime vél ir talu lidz tas precizai identificésanai, jo to efekti saistti
ne tikai, mijiedarbibojoties ar melanokortinu receptoru subtipiem, bet arm ar klasisko
neirotransmiteru sistémam. Tas ir Tpasi nozimigi, ja pem vera plaso MCR izplatibu smadzene€s,
seviS§ki mezolimbiskaja sistéma, kas nodro§ina atalgojuma procesu realizaciju, emociju un
kognicijas, motivacijas izpausmes. Vél jo svarigak ir izprast, kas uztur balanséta stavokli So
sistému. Saja kontekstd interesanti ir misu atrastie fakti par y;-MSH un y,-MSH atkirigo
iedarbibu uz melanokortinergisko un/vai citam neirotransmiteru sistémam. Musu pétijumi ir
atklajusi jaunus aspektus y-MSH peptidu multifunkcionalai ietekmei uz dazadiem centralas
nervu sist€mas procesiem, kas liecina par y;-MSH un y,-MSH regul€joso lomu mezolimbiskas
dopaminergiskas sistémas [Tmeni. lespgjams, ka y-MSH peptidu funkcionala loma ir uzturét
balansgjoSu psihoaktiveéjosu stavokli smadzen€s, kuru regulé abu peptidu funkcionalais
antagonisms, kura y;-MSH uzrada psihoaktivgjosu, bet y,-MSH pret&ju antipsihotisku darbibu.
Misu pétfjumu rezultati var dot impulsu jaunam farmakoterapetiskam strat€gijam, kas regulétu
psihopatalogiskus stavoklus, saistitus ar mezolimbiskas sist€mas disregulaciju (vielu atkaribu,
Sizofréniju u.c.). Misu pétijjumu rezultati norada ari uz nepiecieSamibu veikt pétjjumus ar augsti
selektiviem MCR agonistiem un antagonistiem, ka ar7 velttt turpmakos petijjumus mehanismu
noskaidroSanai, Tpasi atalgojuma sistémas funkcionésanas, vielu atkaribas procesu regulacijas un
melanokortinergiskas sistémas konteksta.
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7. SECINAJUMI

1. y1- un y, -MSH (ievaditi intra-VTA) izraisija pret&jas darbibas uzvedibas repertudru
zurkam: y,-MSH palielinaja grooming reakcijas un vertikalo aktivitati, turpretim y,-
MSH neietekméja §is reakcijas, bet izraisija vidéja stipruma katalepsiju. Mikrodializes
pétijumu neirokimiskie dati arT atklaja atSkirigus y-MSH peptidu efektus uz NACC
dopaminergiskas mezolimbiskas sist€mas aktivitati: y,-MSH paaugstindja dopamina
un DOPAC Ilimeni, kamér y,-MSH to pazeminaja. Uzvedibas un mikrodializes
pétjumu dati liecina, ka y;-MSH darbojas ka psihoaktivgjoSs, bet y,-MSH ka
antipsihotisks peptids.

2. Gan uzvedibas, gan mikrodializes pétijumos Zurkam y,-MSH antagoniz&ja 7v;-
MSH-izraisitos efektus, noradot, ka Sie peptidu varétu darboties ka funkcionalie
antagonisti dopaminergiskas sistémas liment.

3. Sizofrénijas mode|dzivniekiem (peleém) fenciklidina (PCP) hiperlokomocijas un
NMDA-toksicitates tests paradija, ka y-MSH peptidi (ievaditi intracisternali) var
modulét smadzepu glutamatergisko sisteému. y;-MSH potencéja PCP izraisito
hiperlokomociju, turpretim y,-MSH reduc&ja PCP efektus. Sajos eksperimentos y,-
MSH antagoniz€ja y;-MSH izraisito potencgjoSo ietekmi uz PCP hiperlokomociju.
Intra-VTA y,-MSH ievadi§ana pilnigi inhib&a NMDA (ievaditi intra-VTA) izraisitos
neirotoksiskos uzvedibas efektus zurkam.

4. y-MSH peptidi atSkirigi sp&j regulét art GABAergiskos procesus. Analggzijas testa
(tail flick pelem) Tikai y,-MSH izraisija ilgstoSu centralo analgéziju, kuru medié
GABAergiskie procesi: analgéziju pastiprinaja muscimols (GABA4 receptora GABA
saita agonists), bet pilnigi reducgja bikukulins (GABAA receptora GABA saita
antagonists). Tacu y,-MSH analgetisko efektu neietekméja citas vielas-analizatori,
pieméram, MC3R/MC4R antagonists HS014, opiatu receptora antagonists naloksons,
DA receptora antagonists haloperidols un y;-MSH. Toties y,-MSH (bet ne y,-MSH)
nozimigi samazinaja GABA, receptora benzodiazepina saita agonista diazepama
izraisito  analg€ziju, noradot vy;-MSH spgu ietekmé&t GABAA receptora
benzodiazepina saita agonista efektus. Abi y-MSH peptidi atskirigi ietekmé&ja GABAA
receptora modulgjosa saita liganda etanola izraisito analgéziju: v,-MSH to samazin3ja,
bet y.-MSH potencéja etanola analggtisko darbibu.

5. Uzvedibas un neirokimijas pétijjumos iegitie dati rada, ka y;-MSH un y,-MSH
darbojas atskiriga veida. Tas liecina par y-MSH peptidu nozimigo funkcionalo lomu
smadzequ psihoaktivejosa stavokla reguléSana/balanseSana, iedarbojoties ne tikai uz
melanokortinu receptoriem, bet iesaistot ar1 ne-melanokortinergiskos mehanismus,
vismaz dalgji, dopamin-, glutamat- un GAB Aergiskos komponentus, kuri sp&j bitiski
ietekmé&t mezolimbisko dopaminergisko sistému.
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SUMMARY

Knowledge of melanocortins (o-MSH, p-MSH, y-MSH, ACTH) and of their functional
role has increased tremendously over the last 10 years when five melanocortin receptor
subtypes (MC1R-MCS5R) were identified, cloned and characterized. Most studies are
carried out to clarify action of MC1R, MCA4R and a-MSH, while the role of MC3R and vy-
MSH remains still unclear. However, attention may be payed to the fact that y-MSH
peptides can bind with high affinity to MC3R. Besides, this subtype is abundantly
expressed in structures of the dopaminergic mesolimbic system, such as ventral tegmental
area (VTA) and nucleus accumbens (NACC). Dopamine (DA) A10 cells which are located
in the VTA, receive projections from both inhibitory (GABAergic) and excitatory
(glutamatergic) interneurons. In this context, our research studies are devoted to y-MSH
peptides (yi- and y2-MSH) to elucidate their neuropharmacological activities and a putative
role in the regulation of brain processes. Experiments were performed in laboratory animal
models by use of behavioural and neurochemical tests, agonists and antagonists of different
receptors.

Intra-VTA administration in rats demonstrated distinct behavioural responses caused by
both y-MSH: y,-MSH (likely to previously described o-MSH) induced excessive
grooming and increased vertical activity that can be attributed to hyperactivation of the
dopaminergic system. Unlike, y,-MSH caused psychodepressive state (catalepsy) indicating
its anti-psychotic activity at the level of the dopaminergic mesolimbic system. Moreover,
v2-MSH showed antagonizing potency by reducing the y;-MSH-induced behavioural
responses. These results are in good line with the data obtained in our neurochemical
(microdialysis technique) studies. Concentrations of the NACC extracellular DA and its
metabolite DOPAC after v,-MSH (and also a-MSH) intra-VTA injection resulted in their
considerable elevation, whereas y.-MSH caused a decrease in the concentrations of these
monoamines. Y2-MSH antagonized the y;-MSH effects. This phenomen indicates that these
peptides are capable to modulate dopaminergic activity of the mesolimbic system in
opposite manner. That was confirmed also by the data obtained in phencyclidine (PCP)-
induced hyperlocomotion test (shizoprenia model) in mice: yi-MSH potentiated the PCP
locomotion activity, whereas y,-MSH reduced it, and also antagonized the observed v;-
MSH potentiating effect. y,-MSH fully reduced neurotoxic effects caused by intra-VTA (in
rats) injected NMDA, a glutamate receptor ligand. Intriguingly, analgesia test showed that
¥2-MSH (but not y,-MSH) induced a stable and prolonged (90 min) non-opiate analgesia
realized via GABA, receptor-mediated processes. Thus, muscimol (agonist of GABA site
of the GABA, receptor) potentiated y,-MSH analgesic activity, and bicucculine
(competitive antagonist of the GABA site) antagonized the y2-MSH analgesia. In turn, y;-
MSH acted as antagonist of diazepam, a ligand of the GABA, receptor benzodiazepine
site. Both peptides have distinct influence on analgesic effects caused by ethanol, a ligand
of the GABA4 receptor modulatory site. The data obtained firstly show a pleiotropic
influence of y-MSH peptides on brain processes by involving not only melanocortinergic
mechanisms but also modulation of dopamin-, glutamat- and GAB Aergic processes. From
our point of view, a distinct action of y;-MSH and y,-MSH and their mutual antagonism
can be considered as the most important phenomenon, that gives us enough ground to
postulate their endogenous regulatory role to maintain balanced psychoactivation/anti-
psychotic (anti-schizophrenic?) and pain perception states. These data may open new vistas
in understanding of psychopathologies and their correction possibilities by use of
melanocortins and novel MCR ligands.
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Evaluation of behavioural effects of
neural melanocortin receptor
antagonists injected ICV and in VTA
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Summary. The natural melanocortic peptides are known to exert a variety of effects after central administration.
Recently, we discovered the first potent and selective substances for the MC4 receptor, i.e. HS964 and HS014. We
found HS964 to be an antagonist for the MC1, MC3, MC4 and MCS5 receptors in vitro. HS014 is an antagonist for the
MC3 and MC4 receptors and a partial antagonist for the MC1 and MCS5 receptors. We injected a-MSH and these
substances, both intracerebroventricular (ICV) and in the ventral tegmental area (VTA) in rats and scored several
behavioural effects. The resuits show that «-MSH caused intensive grooming which was antagonized by pre-treatment
of both HS014 and HS964. The data give further support to the hypothesis that it is the MC4 receptor which mediates
grooming in rodents. The grooming effects of o-MSH were more pronounced after intra-VTA administration compared
to the ICV administration. Both a-MSH, HS014 and HS964 caused an increase in vertical activity of the rats after intra-
VTA administration but not after ICV administration. Horizontal activity was virtually not affected by the administration of
the peptides. The data indicate that the neural MC3 and MC4 receptors are not likely to be an important mediators of
locomotor activity in rats.

INTRODUCTION Five receptors for the melanocortic peptides are
cloned.3-” The MCI1 receptor is expressed in melanocytes?
and it has a role for pigmentation in several species of
vertebrates.! The MC2 (or ACTH) receptor is exclusively
expressed in the adrenal gland*® and binds ACTH with
high affinity but not the MSH peptides.? The MC3 recep-
tor is expressed in the brain (predominantly in the VTA,
and in few regions of the brain stem), as well as in the
periphery where it has been found in the placenta, gut
tissues.*191! The MC4 receptor is predominantly found in
the central nervous system, where it is represented in
almost every brain region, including the cortex, thala-
mus, hypothalamus, brain stem and spinal cord.”*? The
MC4 receptor has recently been knocked out and subse-
quently related to control of weight homeostasis.!* The

Pro-opiomelanocortin - (POMC) is post-translationally
cleaved into a variety of peripheral and neuroactive sub-
stances including adrenocorticotropin (ACTH) and the o,
B, vmelanocyte stimulating hormone {MSH). These pep-
tides are commonly termed ‘melanocortins. ACTH stimu-
lates steroidogenesis in the adrenal gland, whereas o-MSH
stimulates melanogenesis in melanocytes. Besides these
well-known effects, the melanocortins are reported to have
a broad array of other effects, e.g. being neurotrophic,
induce grooming in rodents, anti-inflammatory, antipyretic,
and affecting pain perception, memory, learning, behav-
iour, blood pressure and events surrounding parturition.'?
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The natural melanocortic peptides (a-MSH, B-MSH, v
MSH and ACTH) have a specific affinity profile for each of
the MC receptor subtypes although they are not exclu-
sively selective for the different subtypes, with the excep-
tion that o-MSH is selective for the MCI1 receptor and
ACTH is selective for the MC2 receptor.!™'7 The MC2
receptor is distinguishable from the other MC receptors as
it does not bind the MSH peptides. The lack of selective
compounds have hampered the clarification of the physi-
ological roles especially of the MC3, MC4 and MC5 recep-
tors. SHU9119 was the first potent MC3 and MC4 receptor
antagonist.'® However, SHU9119 is not selective for any of
the MC receptors.'s'? We have recently developed the first
selective MC4 receptor substances: HS964 and HS5014.%

The aim of the present study was to investigate the
effects of the new selective MC4 receptor substances
HS964 and HSO14 on behaviour after both injection into
the ventral tegmental area (VTA) and intracerebroven-
tricular (ICV) in rats.

MATERIALS AND METHODS
Chemicals

Chemicals a-MSH were purchased from Neosystem S.A.,
France. The HS964 and HSO14 were synthesized using
the solid phase approach applying a Fmoc based Pioneer
peptide synthesis system (PerSeptive Biosystems) and
purified by HPLC as earlier described.?® The correct mol-
ecular weights of the peptides were confirmed by mass
spectrometry. Peptides were dissolved in water and
stored frozen in aliquots until used.

Expression of receptor clones

The human MC1? and human MC57 receptor had earlier
been cloned by us into the expression vector pRc/CMV
(In Vitrogen). The human MC3 and human MC4 receptor
DNAs, cloned into the expression vector pCMV/neo, were
gifts from Dr Ira Gantz.>¢ For receptor expression, COS-1
(CV-1 Origin, SV40) cells were grown in Dulbecco’s modi-
fied Eagle’s medium with 10% foetal calf serum. Eighty
percent confluent cultures were transfected on 100 mm
cell culture dishes with the DNA (approximately 1pg
DNA for every 1 x 10¢ cells) mixed with liposomes in
serumn free medium. After transfection, the serum-free
medium was replaced with growth medium and the cells
were cultivated for approximately 48 h. Cells were then
scraped off, centrifuged, and used for radioligand binding.

cAMP assay

The transfected cells were harvested and incubated for
30min at 37°C with 0.05ml serum free Dulbecco’s
modified Eagles medium in each tube, containing 0.5 mM

Neuropeptides (1998) 32(6), 573-580

IBMX (isobutylmethylxantine) and appropriate concen-
trations of a-MSH or HS964. After incubation with the
indicated drugs, cAMP (adenosine 3":5"-cyclic mono-
phosphate) was extracted with perchloric acid at a final
concentration of 0.4 M. After centrifugation, the protein
free supernatants were neutralized with 5M KOH/1 M
Tris (tris-(hydroxymethyl)Jaminomethane). 0.05 ml of the
neutralised cCAMP extract or a cAMP standard (dissolved
in distilled water) was added to a 96 well microtiter plate.
The content of cAMP was then estimated essentially
according to Nordstedt & Fredholm,?! 1990, by adding to
each well [PH|cAMP (0.14 pmol, approximately 11,000
cpm, specific activity 54 Ci/mmol, Amersham) and
bovine adrenal binding protein and incubating at 4°C for
150 min. Standards containing non-labelled cAMP were
also assayed concomitantly with the samples. The incu-
bates were thereafter harvested by filtration on
Whatman GF/B filters using a semiautomatic Brandel cell
harvester. Each filter was rinsed with 3ml 50 mM
Tris/HCI pH 74. The filters were punched out and put
into scintillation vials with scintillation fluid and
counted. The cAMP assays were performed in duplicate
wells and repeated three times.

Animals

Male Wistar rats were bred at the Breeding House of the
Joint Stock Company GRINDEX, Riga, Latvia, and used at
weights 300-350 g. The animals were housed in groups
of five in a light-dark cycle of 12 h (lights off 19.00-7.00).

Surgical procedures

Cannulas, made from stainless steel needles (15 mm
long, 0.56 mm OD), were implanted stereotaxically under
Nembutal (CEVA, Sanofi, France) anaesthesia (60 mg/kg
i.p.) into the left VTA or left lateral ventricle (ICV) at the
following co-ordinates: —5.2 caudal to bregma, 0.8 mm
lateral from midline, and -8.0 ventral from dura mater or
-1.5, 1.0, and -3.6, respectively (Paxinos and Watson,
1982). Cannulas were kept in place with dental cement
(SPOFA Dental) and covered with duracryl (SPOFA
Dental). To prevent the clogging of the cannulas, a bent
stylet of stainless steel was inserted into each of them,
and removed only when the injection took place. After
the surgery, the rats were individually housed, given
food and water ad libitum and allowed to recover for the
following 7 days in a recovery room.

Injections

Drugs were injected into the VTA by means of a 75RN
Hamilton Digital Syringe and a very fine polyethylene
tube (Clay Adams, PE-10) attached to a 30-gauge needle
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which was inserted into the implanted cannula. On the
day of experiment an MSH-peptide aliquot was thawed
and dissolved in saline to provide 0.3 and 3 nmol/rat for
injections into the VTA or ICV. The total volume injected
for each substance was 1pl and the speed of injection
was 0.25ul min'. For the combined treatments
(HS964/HS014/saline + o-MSH), HS964/HS014/saline
was administered 15 min prior to the a-MSH injection.

Behavioural analysis

On day 7 after surgery, the rats were transported from
the recovering room to an observation room for 1-day of
handling and habituating. Each rat was placed into a
Plexiglas observation cage (60 x 40 x 15) and left for at
least 1 h to diminish stress reactions to the novel envi-
ronment. The rat was then placed onto an injection plat-
form for 5 min before drug administration. Inmediately
after the injection, the rats were placed into observation
cage. Observation started on the 5th min after the onset
of the injection and continued for 1 h for time-response
studies by using a Psion Workabout microcomputer
(Noldus, the Netherlands). Grooming activity was
expressed in seconds as total duration of the separate
grooming reactions (face washing, body licking, scratch-
ing, ano-genital grooming, head and wet-dog shakes) for
each observation period (0—-15 min, 0-30 min, 0-45 min
and 0-60 min). Following non-grooming, behavioural
events were registered as rearing or vertical activity (VA)
and horizontal activity (HA). VA and HA were scored as
incidences during all observation periods. In the case of
combined drug treatments, the injection schedule was:
HS014/saline was injected 15 min prior to a-MSH for
both intra-VTA or ICV administration, and the behaviour
was observed during 1 h after the last injection. However,
with respect to HS964+a-MSH was observed only after
intra-VTA administration and during the first 15 min
period. The observation sessions were performed
between 10.00 and 14.00 Each experimental group con-
sisted of at least six rats.

Statistics

Statistical analysis was done using independent samples
t-test or one-way ANOVA with Newman-Keuls test as a
post-hoc. Data are expressed as the mean + S.EM.

Animal ethics

Experimental procedures were carried out in accordance
with guidelines of the European Community, local laws
and policies and were approved by Ethics Committee of
Animal Experimentation at the Latvian Research Council.
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RESULTS

We have earlier characterized how HS014 influences
cAMP levels in cells expressing the MC1, MC3, MC4 and
MC5 receptors.*® However, a possible cAMP response
after stimulation by HS964 had not been tested. We
expressed the DNAs for the above mentioned receptors
and measured the cAMP accumulation after addition of
a-MSH and HS964. As can be seen in Figure 1, «-MSH
stimulated accumulation of cAMP in all the cell types.
CO0S-1 cells which had not been transfected by any of the
MC receptors did not respond to o-MSH (data not
shown). HS964, in concentrations up to 1 pM, did not
affect the cAMP levels of any of the MC receptor express-
ing cells. Instead, 0.1 pM HS964 was found to completely
block the cAMP increase induced by o-MSH for all the
four MC receptors.

We then used both these MC4 selective antagonist
(HS964 and HS014) for behavioural studies in rats. We
injected both of the substances either intra-VTA or ICV in
rats and scored grooming behaviour, horizontal and ver-
tical (or rearing) locomotor activities. o-MSH was
injected alone as well as with prior treatment with saline,
HS964 or HS014. The complete results are shown in
Table 1 and Table 2.

The results on grooming behaviour are shown in
Figure 2. The results show that a-MSH induced consid-
erable and significant (vs saline control) grooming activ-
ities already after 15 min following both intra-VTA and
ICV injections, which were sustained for 60 min in a
slightly gradually increasing manner. The intensity of
the grooming (duration and number of incidences) was
more pronounced after intra-VIA administration that
after ICV administration. HS964 and HS014 also caused
some increase in duration of grooming activity after
both intra-VTA and ICV administration. When HS014
was administrated prior to the administration of a-MSH
it blocked grooming behaviour, both after ICV and intra-
VTA administration. As can be read out of Figure 2, this
blocking effect is most pronounced after the intra-VTA
administration. HS964 did also block o-MSH induced
grooming after intra-VTA administration at 15 min
which was the only time period scored for this peptide in
this study.

a-MSH caused an approximately two-fold increase (vs
saline control) in vertical activity at the 30, 45 and 60
min observation periods after intra-VTA injection, but not
after ICV administration. HS014 also caused an increase
in vertical activity after intra-VTA administration but not
after ICV administration. This increase in vertical activity
caused by HS014 was comparable to that of a-MSH. The
same pattern was observed for HS964 as for HS014 and
a-MSH even though the vertical activity after intra-VTA
administration of this peptide was not pronounced.

Neuropeptides (1998) 32(6), 573-580
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Fig. 1 Generation of CAMP in response to a-MSH (), HS964 (e) or a-MSH + 11IM HS964 (") for the MC1, MC3, MC4 and MCS
receptors in transfected COS-1 celis. Each point represents the average+tSEM (n=6).

No signillcant alterations in horizonta!
observed when Cf.-MSHvas administrated in either of the
routes used. Horizontal activity was not influenced by
HSO14 after intra-VTA application, however, this activity
was slightly (approximately 30-40%) increased during
the 15 and 30 min observation periods after ICV injec-
tion. Locomotor activities after intra-VfA and ICV injec-
tions of HS964 did not differ from the activity of the
control rats, with the exception that a delayed (at the 45

activity was

and 60 min observation periods) more than two-fold
increase in horizontal activity was observed at both
administration  routes,

DISCUSSION

The MSH peptides were among
mones that were discovered." There is a broad array of
physiological effects related to them which underlying
mechanisms are not well understood. After the cloning of

the first peptide hor-

Neuropeplides  (1998) 32(6),573-580

the genes for the MC receptor subtypes and specillc
binding characterization  of each of the subtypes in vitro,
it became clear that none of the natural MSH peptides
are selective for the newly discovered MC3, MC4 ar MC5
receptors. It has therefore not been possible to delineate
each of the clifferent physiological effects presumed to be
exerted by these receptors by using the natural MSH
peptides. Recent discovery of non-selective  antagonists

for the MC3 and MC4 receptors” and the first selective
antagonist for the MC4 receptorsé? (HS964 and HSO14)
have opened new possibilities to explore the underlying

mechanism  behind the effects of the MSH peptides.
HS964, and its more potent and more selective analogue

HSO14, would therefore be interesting tools to probe the
specillc effeets of the MC receptors in the central nervous

system. HSO14 has also recently been shown to be highly
effective in inducing food intake in free feeding rats, an
effect related to the MC4 receptor.2222  HS014 has earlier
been shown to be potent antagonist for the neural MC3

© Harcourt Brace & Co. Lid 1998
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Table 1 intra-VTA injections in rats

A) Total grooming, duration, sec

Observation periods

0-15 030 045’ 060
saline 56.2+8.4 57.3+7.0 69.2 +23.0 7791279
o-MSH 230.2+37.0* 4246 £ 108.4* 564.2 + 167.6" 655.5+ 173.6"
HS964 118.8 £ 22.4° 123.7 £ 20.6* 169.3 £ 9.6" 210.5+20.7*
HS014 97.3+14.7* 134.3 + 25.3* 141.1 £ 21.2° 186.2 +38.7*
saline+a-MSH 236.0+42.0* 468.4 + 123.8* 665.0 £ 189.7* 780.7 + 205.2*
HS964+a-MSH 17.7+£10.1*
HS014+0-MSH 66.7 £ 44.0* 103.6 + 65.0* 118.7 £61.3* 135.0 £ 54.9+
B) Vertical activity (or rearing), incidences

Observation periods

015 0-30’ 045 0-60
saline 16.2+2.1 12.8+3.0 13.0+2.7 155145
a-MSH 20.5+4.9 282+59" 29.2£5.8* 30.9£5.3*
HS3964 193127 23.5+6.3" 30.5+8.0 33.8+98
HS014 30.3+£6.7 363+9.1" 37.8+83" 41.0+6.8°
saline+o-MSH 30.3+5.5" 44.0+8.3* 48.4 £ 10.4 52.1+12.5*
HS964+a-MSH 6.0+2.1"
HS014+a-MSH 15.3+5.8 235+ 105 33.8+16.8 4151229
C) Horizontal activity, incidences

Observation periods

0-15 0-30° 045 0-60
saline 186123 19516.2 19.56+6.2 21.0+6.3
a-MSH 225140 308+6.2 31.6+6.1 32.8+538
HS964 16.0£2.0 22.3+£6.0 42.6%125 513+ 154
HS014 284+45 33.3+8.0 34.8+86 385185
saline+a-MSH 27747 37.3+6.1 39.7+£6.6 414173
HS964+0-MSH 9.5+43
HS014+a-MSH 17.0£55 21.0+£8.0 25.3+93 320+ 14.0

*p<0.05vs saline one-way ANOVA and post-hoc Bonferroni's multiple comparison test, nonparametric Mann-

Whitney test
+ p<0.05 vs saline+aMSH

and MC4 receptors and our present data show that also
HS964 is a potent antagonist for these receptors in vitro.
However, as H5014 were found to be a partial agonist for
the MC1 and MC5 receptors,?® HS964 proved in the pre-
sent study to be a antagonist for also these two MC
receptors.

Grooming is a pattern of behavioural condition which
has been described as ‘scratching, ‘preening’, ‘rubbing
against objects and dust, sand, mud and sun bathing’
This behaviour may seem to be directed to outer body
surface but may be more related to the nature of the
situation than to the condition of the skin.?* Grooming is
known to be influenced by several central stimulants
such as opioids and it has been known for long time that
grooming behaviour is induced by central administration

© Harcourt Brace & Co. Ltd 1998

of o-MSH.* Our present data confirm the grooming
effect of o-MSH. The selective MC4 receptor antagonists
HS964 and HS014 seem to be potent inhibitors of the a-
MSH induced grooming which may indicate that it is
indeed the MC4 receptor which mediates the a-MSH
induced grooming. This falls in line with earlier data
which indicate that the low affinity analogue of
ACTH(4-10), stated to be selective for the MC4 receptor,
also inhibited o-MSH induced grooming?® We have
shown earlier that vMSH has very low affinity for the
MC4 receptor!'é and previous observations indicating that
¥MSH is not capable of causing grooming activity when
injected ICV? are thus also in line with our present
observations. A recent study, using the non-selective
analogue SHU9119 and some low affinity ACTH(4-10)

Neuropeptides (1998) 32(6), 573-580
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Table 2 ICV injections in rats

A) Total grooming, duration, sec

Observation periods

0-15 0-30 045 060’
saline 17.8+ 3.6 36.1+£6.9 40.0+9.3 41.5+10.6
o-MSH 188.5 + 34.4* 229.3+29.1* 229.7+29.2° 280.9 £42.1"
saline+a-MSH 1943+ 64.7" 2441 £62.5° 255.6 £ 57.9° 292.2 +46.7*
HS964 93.8 £ 8.5* 116.8 £ 8.9° 148.3 £ 33.9° 193.5 £71.3"
HS014 114.8 £+ 29.2* 2245x78.7" 237.7 £ 85.0° 283.5 £ 76.3"
HS014+a-MSH 41.7 £ 23.2 58.4 £23.7+ 78.9 £ 26.8* 100.3 £23.7*
B) Venrtical activity (or rearing), incidences

Observation periods

0-15’ 0-30 045 0-60"
saline 18.3+2.4 33.0+53 38.3+6.6 41387
o-MSH 153+£3.2 19.4+25 213273 254 +49
saline+a-MSH 22.8+6.3 27377 273177 29.4 +8.7
HS964 243+115 37.8+131 453+ 149 55.9+17.7
HS014 29516.6 33.7+73 348+7.8 36.0+8.2
HS014+a-MSH 15.5%5.7 29.0+12.9 39.5+19.0 40.5 £ 20.0
C) Horizontal activity, incidences

Observation periods

0-15 0-30° 045 060’
saline 15.8+2.9 25027 30.3+3.8 35.9+3.1
a-MSH 141118 18.2+2.3 20.1£21 26.6 £ 2.5
saline+a-MSH 19.8+4.7 28.3%+55 28.9+5.1 329+6.7
HS964 32.31£149 52.4+14.9 63.6 £ 10.4" 724 £ 115"
HS014 30.8£3.5" 37.3+35" 395+45 46.8 £5.3
HS014+a-MSH 19.3 £ 8.1 30.0x8.1 36.3+16.4 38.3+18.3

*p<0.05 vs saline
Whitney test
+ p<0.05 vs saline+aMSH

analogues as well as analogues of ¥MSH may also sup-
port that it might by the MC4 receptor which mediates
grooming 28

We have not been able to find any earlier reports relat-
ing any melanocortic peptides to vertical or horizontal
activity. Our data show that there is some increase in ver-
tical activity after intra-VTA administration of o-MSH.
However, both HS014 and HS964 show also some
increase in vertical activity after administration in this
area indicating that there is not any specific activity of o-
MSH on the MC3 or MC4 receptors of which these pep-
tides should act as antagonist. It is likely therefore that
this effect is non-specific and not mediated through the
MC receptor, or alternatively it is mediated through the
MC1 or MC5 receptors. There are only two reports about
expression of the MC1 receptor in the CNS?%3° whose
data suggest that the expression of the MC1 receptor is

Neuropeptides (1998) 32(6), 573-580

one-way ANOVA and post-hoc Bonferroni's multiple comparison test, nonparametric Mann-

very limited and seemingly related to only the periaqual
gray area. The MCS5 receptor has been found to be pre-
sent in the brain by several research groups, but is seems
that the expression of this receptor is also comparatively
limited.?'-3 Our present data can therefore not exclude
that the effect of ®-MSH on locomotor activity was medi-
ated through any of these receptors.

It is intriguing that our data show that grooming
behaviour is increased to a much greater degree when o-
MSH is injected intra-VTA in the midbrain than after a
ICV administration. The VTA area shows an abundant
expression of the MC3 receptor®!®!! but expression of the
MC4 receptor is also present in this area.'?, Moreover, it
seems that the effects of these MSH peptides on locomo-
tor activity seem to be more pronounced after the intra-
VTA administration than after the ICV administration. It
cannot be concluded that the effects after intra-VTA

© Harcourt Brace & Co. Ltd 1998
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Fig. 2 Effect of the administration of different MSH peptides into
A) the left VTA or B) ICV on grooming behaviour of male rats
during different observation times. .

administration are exclusively due to interactions with
MC receptors in this particular area, but it is likely that
the activity of MSH peptide administration is, in general,
more effective in this area or in adjacent areas in the mid-
brain.
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Behavioural responses of y-MSH peptides administered

into the rat ventral tegmental area
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ABSTRACT

The behavioural effects induced by =z ;- and ';2-MSH peptides (0.3 and 3 nmole per ratl injected Into

the lelt ventraltegmental area MAI of rats were cornpared. t- and :"-MSH

caused grooming of

comparable magnitude, and also additional vertical activity (rearingl. Sy contrast
moderate but stable catalepsv. and practically no grooming, Moreover, intra-VTA pre-treatment
with ;'2-MSH, '5 min prior to intra-VTA :-MSH, markedly attenuated both the :
grooming and vertical activities. The differences in the behavioural response of the MSH peptides

indicate that they act differentially on MC receptors in the VTA,
Keywords  behavioural effect, MSH, ventral tegmental area,
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underlving  the central effecrs of melanocortins (i.e. 1993, Gantz i in. \94, [-athi dill,

ACTH and 7.-,/1- and ;-\ISH peprides) are srill poorly ACTH and the 7.-, {l- and
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'2-MSH caused a

01 the central
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d al. 1994, Xia & \X'ikber~ \1)9"), The i\C4 reccptnr is L'sing radioligand binding  Schiorh

et al. (1)<)6) tound
affinity for the
th:111 :-1-iNISH,
aftiniry  for rhc

wiclelv expressccl in many regions of the CNS alrhough 1:-iNISH to show about 40-lold hightr

at nn'ing  levels (Low i i, 1())4), The loc.ilization cii human  :\IC4 receptor affinity

the \re:; rcceptor in the central nervous system has ~'I-\ISH  showed about -I-fold highcr

hithcrro  nor bcen  rnapped  with  hisrochcmical  tech- XIC., receptor rhan z-I\SH. \n this srudy the ~'2-i\ISH

niqucs, :llthollgh \:orth,rn blor and RT-PCR analvsis was found to show a similar alfinity prohle as ;'I-\ISI-I
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:llthou~h it showed all over slightly (about 3-fold) lower

Aftiniries  rh.m ;' I-n\fS/-l  for rhe differenr INIC receptor

subrvpes,
In the present study we have focused on the
hchavioural cffects induced by X-, ;'1- and }2-iVISH

pcptides  injecred into the VTA of rats, which is an area
where the mRNi\  for borh I\IC.3 and i\IC4 receptors
han: becn reporred (Ganrz et cil. 1993;\, Mounrjov et /.
1<)94, Xi:l & \'ikberg 1997). Our present data indicare
th.u the pharmacoh 'Ly of the 7- ;1- and j2-MSH
peptides  differs  signitic:mrly.  In the case of ')'1- and
;'2-)\[51-1 rhese differences are intriguing s ')'2-iNISH
diffcrs  onlv hy the extra Cvrerruinal Gly residue
o uuparcd wirh j'I-\[SH. This is the tirst time such
ph.irrnacological ~ differences of ;1- and j2-MSH were
reporred upon rheir injecrion into rhe CNS,

AL\TI~JUAL.S A~D  METHODS

Al:itle \Visr:lr  rats wcerc bred ar the Breeding House oi
the Stlte Pharmaceutical ~ Cornpany GRINDEX, Riga.
Latvia. and used at weighrs 300--3511 g. The animals

wer« houscd in groups of tin: in a light-dark cvcle of
12 h Ilights off 19.1)13-"7.Jl) hours).

Cunnulas  111:1d" frorn stainlcss  steel necdlcs  (IS-mm
1>1g, 11.56-mm OD) werc irnplanted stcreoraxically

uruler  I:cmbuul
(1 mg kg-'
co-ordin.ircs:

(CEV,\, Sanofi, France) anaesrhesia
i.p.) into the lefr \TA at the follo\Ving
-:1.2 caudal ro brch'111:l,n.8 mm lateral
from rnidline, and -R.C! venrral
(Paxinos & \V'atson

from dura mater
1(82). Cunnulas were kepr in place
with denral cernent (SPOF.-\ Dental) covered with
durncryl (SPOF:\  Denral). To preVenr clogging of the
c.uinulas :1benr srvlet of sruinless steel wns inserted into
rhern, and rcmoved only when the injecrion took place,
Mter  surgerv  rats were individuallv  housed and gil'en
t)(id and warer lid libi/llll/ and allowed ro recover for rhe
following 7 days in :lrecovery room,

Pt!,lidts

"[-IfSH  (:\- Aceryl-Ser- Tyr-Ser- Met-Olu- His- Phe- Arg-
Trp-Gly-Lys-Pro-Val-NHj), YI-MSH  (HzN-Tyr-Val-
Mer-Glv His-Phe-Arg-Trp-Asp-Arg-Phe-NHz), and
;'2-\[61-1 (1-12N-Tyr- Val-Met-Gly-His-Phe-Arg-Trp-

Asp-Arg-Phe-Gly ~ OH) peptides were from BACHEM.
The peprides were srored frozen in aliquots until used.

jrdifd/r.i

Drugs were injccred into the \'TA bv meuns ofu 75RN
I-Luniln 11 Dizitul Syringe and a \"ery tine polyerhylene

unl

rube (Cby Adams, PE-Il))
needle which was inserred

utrached to a 3u-g:lligl
into the implanred
On the day of the experirnenr an i\ISH-peptide  aliquor
was rhawed and dissolved in saline to provide 0.3 or
3 nmole per rar, The rotai volurne inlecred was for cach
substance 1 ILL ar u spced of 0.25/11. min-lo ror the
trcarments  (i.c, ;2-\[SH + j'I-;\[SH), the
-,.2-\ISH was adrninistered 15 min prior to the j'I-\\ISH
injecrion.  In the control groups ')'2-iNISH W:IS substi-
rured with saline (i.e. saline + ;'I-1\MISH).

cannula,

cornbined

On dav 7 after surgery the rats were tr.msported frorn
[he recovering room ro an ohservarion room for 1 d:l~'
Each rut W:ISplaced into a
cage (611 x 411 x 15 cm) and kfr
for 30 min to dirninish stress rcactions to the novel
environrnenr.

of handling and habiruating,
Plexiglas observation

The rat was rhen pluced onro an injecrion
plarform for > mm before drug administration.
Irnrnediarelv  afrcr the injecrion the rar was plnced in
observation C:lge, Observarion starrcd ar rhe tifrh
minure after the onset of the injection and continued
for up to | h llsing a Psion \Vorkabout rnicrocornpurer
(Noklus, the Ncrherinnds).  Grooming acrivirv (i.e. rotai
groollling) was cxpressed in scconds as the sum of the

durations  of the separa[e grooming reacrions  (fuce
washing, body licking. scrarching, ano-genira]
grooming, head and wet-dog shakes) recorded during a
IS-min  period, The following non-grooming behav-
ioural evenrs were regisrcn:d:  vcertical  activiry  (i.c.
rearing) and caralepsv. Vertical acrivity was scored as
incidences during the roral Di I:;lch observarion period.

1111.tests were perforrned eithcr for onc IS-min period,
nr for four IS-min for a roral of 611 min. At the
start and at the end of, respecrivelv, 15and 60 min the
rats were rcsted individually  for catalepsv in three
tests for rnaxirnurn 10 s each by: (1) placirur
the rat with its forcpaws on a 7-crn high bar, (2) placing
the rar with the hind IesTS on rhe sarne bar, and by (.1)
placing the rat across rwo 7-cm high bars distanced ar
IS cm. Each of the caralepsy tests 1-3 were given i
weighting  coefhcient,  respectivcly, 0.2, n.3 and 0.5, and
the total catalepsy was scored as toral tirne the animal
spent in the sepamre tests mulriplied by irs corre-
sponding  coefricienr. Thus the rnaximal score for a rar
is [0 X02 + Inxn3 + lllx 05 = ) (see Sanberg
dal. 1988). 1lle obscrvation
berween

periods

consecutive

sessions were performed
10.00 and 14.0n hours, Each experimental

group consisred of at least six rats.

Sialiilies
Starisrical analvsis W:ISJone using indepcndenr  sarnplcs
I-tesr nr one-wav \!-"a1\\ and Bonferroni's mulriple
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comparison test as a post hoc. Results are expressed as
the mean £ SEM.

Awinral ethics

Experimental procedures were carried out in accor-
dance with guidelines of the European Community,
local laws and policies and were approved by the Ethics
Committee of Animal FExperimentation at the Latvian
Research Council.

RESULTS

Betore the onset of the experiments the rats were
handled and habituated w0 the experimental environ-
ment in order to minimize the novelwy factors as much
as possible. We firse studied the etfect of intra-VTA
administration ot %-, 71- and 72-MSH art the doses 0.3
and 3 nmoale during the Hrst 13-min observaton period
(Fig. 12). As can be seen 3 nmoles of both 2-MSH and
71-MSH caused significant grooming. However, at the
dose 0.3 nmole the effect was significant only  for
2 MSH. By
+2-MSH atfected the total grooming compared with the

-

contrast, neither (1.3 nor 3 nmoles of

saline control.

In Fig. 1(b) is shown the vertical activity recorded in
the experiment shown in Fig. 1(a). As can be scen 0.3
and 3 amoles of y1-MSH significandyv increased the

300
D Salne

. 250 Z2 - -MSH 0 3 nmales
> «-MSH 3 nmoles
g ;
£ 200
2 m 71-143H 0.3 nmoles
g’ 150 B +1-MSH 3 nmotes
c
I 12-MSH 0.3 nmoles
. i
§ 2-MSH 3 nmoles
2 s

0=

28 6
_ |b) . (c)
n
3 204
5 —_
g ]
Q
£ 154 §
z >
2 2
9 10 % 2
© [}
:E: §
§ s
g
oA

Figure 1 Lifcct of the adminixiration of 0.3 and 3 nmole of x-,
=l-and 32-MSH into the lett VT of male rus during t=13 min after
the injections on {4y total groonung, b, verteal activiey and (¢
catddeptic acrivity recorded at the end of the experiment. “Indicares
= 003 vssaline contval: # indicates 777 003 v £ MSH e

VMethaods for details of stisdeal amalesisg, i = S0
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verdeal acuvity. Also 2-MSH increased vertical activiry,
although this was significant only at the 3 nmole dosc.
By contrast, none of the doses of 72-MSH increased
vertical actvity. In Fig. 1c is shown the catalepsy scores
recorded at the end of the experiment. As can be seen
both (.3 and 3 nmoles of 72-MSH caused catalepsy
(45 scores from the maximum 1U), whereas 2- and
5+ 1-MSH did not.

Time—eftect relatdons were then  assessed by
administering 3 nmole of each of the peptides and
observing motor actvities at four consecutive 15-min
obsenvaton intervals. The data collected for total
grooming ate represented in Fig. 2a. As can be seen
from the figure the intra-VTA injection of either
2-MSH or 71-MSH caused a marked and signihicang
increase in toral grooming throughout the 1-h obser-
vation period. BV contrast the intra-VTA administration
of ¥2-MSH did not cause any significant increase in the
grooming during the first two, or during the last
third
(30—45 min) period 72-MSH did seem to cause a small,
but significant increase of grooming compared with the

observation  period.  However, during  the

saline conwol (2 < 0.05). With respect o vertical
activity %- and 71-MSH induced a marked increase, but
only during the first 15 min (Fig. 2b). y2-MSH did not
cause verdeal activity at any of the time pertods studicd

(Fig. 2b).

300
250 [J sanee
% - BISH
C_E'Er B rmsw
8 150+ oo N
g B 2tasH
"_-f;' 100 [ satee « 1-tasw
501 {2MSH « 1 ASH
0
35
(b)
30

N
wn
1

Vertical activity (incidences)

0-15min 16-30mn 3J1-345min 46-60 min

Figure 2 Effect of the administradon 3 nmole of -, 71- and 72-
MSH, as well as combinations of 31- and ;2-MSH into the lett AT
of male raes during V~60 min atter the injections on (1) totl
wronming and by vertcal acuviey. *ladicates P < O3 vs suline
control: + indicates 2 < 005 vy - MSHL O indicates /2 < 003 v
saline + 1-MSH. (= 8). (For detuls see rexy).

1
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In order to assess the effect of combined treatment
of 71- and v2-MSH the rats were pre-treated with either
3 nmoles of intra-VTA 72-MSH or saline (serving as
control) 15 min prior to intra-VTA administration of
3 nmole 71-MSH. The results are shown in Fig. 2. As
cun be scen in Fig. 2a the 71-MSH given to the saline-
treated rats caused a significant increase in total
grooming at all time periods studied. For the rats pre-
treated with 72-MSH significant attenuations of the
> 1-NMSH grooming response were seen for the first and
the two last time periods studied. The vertical activity
was also increased in the saline pre-treated animals
recciving 71-MSH, and this increase was attenuated by
the 2-MSH pre-treatment, the effects being significant
at the second and third 15-min period (Fig. 2B). In
order to further assess the inhibitory effect of 72-MSH
on the 7 I-MSH, the grooming scores of the experiment
shown in Fig. 2 were summed tor the whole 6t-min
period. For the saline + 31-MSH and $2-MSH + 71-
MSH-treared  groups  these sums  of  scores  were
501 £ 96 and 205 % 45, respectively, a difference being
statistically signifcant (P2 < 0.05). The corresponding
numbers for vertical activity were 36,4 * 4.5 and
19.9 = 6.6 (P < 003),

At the end of the experiment shown in Fig. 2 the
animals were tested for catalepsy. In these tests it was
revealed  that only the 72-MSH reatments induced

~2-MSH alone

catalepsy. Thus for the group receiving 72
the caralepsy score was 4.9 £ 0.1, while for the
7 2-MSH pre-treated group (e the group that was also
I-MSH) the score was 3.1 £ LU, (In the former

casc the nme point for recording catalepsy was 65 min

viven Y

atter the injection of 72-MSH | whereas in the larter case
the recording was 80 min after the injection of
+2-MSH, and thus 65 min after the injection of
- 1-MSHD.

DISCUSSION

We have here shown that lett intra-VTA administratnon
of z- and ;' 1-MSH induces marked grooming activity of
a similar maximal magnitude, although the 71-MSH
appears to be shightly less potent than 2-MSH. The
obscrved grooming actvity s opical for the 2-MSH
induced behavioural repertoire earlier reported  (see
Gispen ¢ of. 1973). In addition both 2- and y1-MSH
increased verdaeal acovity.

The «%-MSH and  71-MSH
scquence ditferences although they share a common

show considerable
core (His-Phe-Arg-Trp), a core which is found in all
natural melanocortic peptides. Binding studies using
rccombinant human MC receptors indicate that 71-
MSH s 3-fold more potent than 2-MSH on an MC3-
recepror, whereas on an MCd-recepror 2-MSH shows
+1-MSH (Schisth e al.

i

45-told higher potency chan

o
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1995, 19906). In the present study we tound that 2-MSH
was more potent than 7I-MSH. Thus, our present
results would speak in favour of the norion that the
grooming  eftect by MSH-peptides is mediared via
the MC4 reeepror. We have eardier also shown that the
intra-VTA
blocking compound HSU14 lead to attenuation of the

administrations  of  our  MCd-receptor
grooming responses induced by intra-VTA  adminis-
tration of «-MSH (Klusa ef a/. 1998), an observation
which also supports the role of the MC4 receptor in
grooming. Support for this contention also comes from
observations by Adan ¢ o/, (1997) demonstrating thar
MC4-receptor antagonistic ACTH(H—10) analogues are
capable of blocking the grooming response of e,
2-MSH. However, functional results from the i riro
administration of a pepude might not entirely reflect its
potencies at the receptors as factors such as ditterential
susceptibility to breakdown by pepudase, diftusion or
other process leading to climination trom the site of
injection may affect its concentration. Moreover, the
reccpm—r selectivities of presently used peptides are
quite low. In this conrext we would alsn like to mention
that we recently tound receptor autondiographic evi-
dence that there are MSH-binding sites in the \'TA
which are distinct from the MC3 and MC4 receprors
(Lindblom e/ /. 1998). Further studies are warranted
before one dehnitely ascribes a role for the MC4
receptor in the mediation of the grooming responses
induced by MSH-peptides.

The results obrained with $2-MSH were strikingly
different from those obtained with - and 5 [-MSH.
Thus, the 72-MSH peptide was practically ineffective in
inducing grooming and vertical activity; instead it
induced a long-lasting cataleptc state. Our obsenadons
are somewhat in line with a previous observation
indicating that ;2-MSH is not capable of causing
grooming when injected intra-cerebroventricularly (Van
Ree ¢ af. 1981). However, besides the capabiline of
72-MSH 1o induce a long-lasting catalepric state, we
have in the present study in addition shown that the
peptide is capable  of atrenuating  the  grooming
tesponses and the vertical activity induced by 71-MSH.

Our earlier binding studies suggest that 72-MSH
shows an affinity profile for the human MC receptors
which is similar to that of y1-MSH, although the
binding atfinities of 72-MSH tor humaa MC receptors
are abour 2- to 3-fold lower than they are for 71-MSH
(Schiisth et al. 1996). It has earlier been hypothesized
that 72-MSH can act as an endogenous opioid antag-
onist (Van Ree ¢f o/ 1981), and opiate-induced cata-
lepsy ts reported to be comparable with those induced
by neuroleptics (Costall & Navlor 1973). Moreover, Oki
et al. (1980) reported that 71, 72 and 73-MSH, but not
2-MSH. prevented the binding ["H|-naloxone to opiate
receptors of the rar brain. However, quite  high

1999 Scandinawian Physiological Society
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concentrarions werc  nceded  (in the JU[ range)  which

corresponds to an about |0OO-fold lower affiniry when

cornpared with  the affinities  for e.g. an MC3-receptor.
affinirv for  the

(‘HI-naloxone sires rhan does ~'I-\[SH (Oki et al. 1980).

The  j2-NISH shows also  lower

In view of the low affinities of }2-NISH  for the opiate
receptors it seerns unlikely  that the se receptors are
involved in the y2-NISH  effects of the present  srudy.
Perhaps  the y2-1'vISH is exerting its effect via another
pathwav rhat is also distincr from  the melanconin

receptors.
~'1- and ~2-\ISH is an
extra C-tcrminal GI!" in rhc ~2-I\[SH.
this  additional

The onlv ditterence berwcen

It is possible  thar

rcsidue,  which is expecred  tu be flexible

as a ‘'rmoving  rail', coull render the pepride conforma-

rion quire  ditferenr and change irs  pharrnacological

properties, For cx.imple  the ~2-N[SH could bccorne
:mt:Igonistic, or it might even be cupable of rapidly
I.Hinging :10 \[C recc:ptor into a descnsirized srare.

Howcver , furrher  studies  will  be rcquired to claritv

rhese issucs. In thcse studies it might be of value ro use
ditferenr N\IC
is presently availab!lc  onlv  for the
d ,d, ]1398).

lastlv, it shouh.l .ilso bc rueririoned

spccinc ant:lgonisrs of the receptors,

sUnlerhing which
,\ 1C4-recepror (see Schiorh
rh.u we were
berween "-IC3 and 1\IC4

rccentlv abi®  to  delineate

rcctptors  in the rar brain Dy using an auroradiographic
.ippro.ich  (Lindblorn d ,il 19(0). Dur studies seern to
indicue thar the '-l€3 reccptor protein  dorninares in

Hun!" arcus of th" C~S such as rhc nucleus uccumbcens,

medi.rl pre-optic  area and ventromedial nucleus of thc

hvpothalamus, whercas  in m:lny orhcr arcas rhere are
horh  "le3 .md \IC-1- rec"ptors present. However,

interesrinjzlv. in our srudv wc found  pcculiar  ninding

prupertic's of \ISI-I-pepticles in the \T:\ secrningl,:
indic:lting  the presence uf yet another NIC  receptar in
this area, Thcse dara seern ro ndd to the cornpiexirv in
the inrcrprct.uion of the pn:sent daru and  should

prornpt  turther im'estigau‘Jns to clirifv. the tuncrional
in the \T:\

we have here

rolcs uf NC receptors
shown that distinct
clitlerences exisr in the behavioural eftecrs  caused  bv
inrra- VT .\ injecrions of ', ~'l- and ~'2-\ISH. Not onlv do

these pe ptides  cause

In summarv

differenr speerr:l  uf behavioural

ertecrs, but wc huvc .ilso founcl /Z-"dSH to be capable of
.urenuatiny the gwnming responses caused by ~-I-:\ISH.
Supporred bv  HIJW:Ir3  Hughc' Medie, 1  Instirutc  (1-1H\I[ 75195,

54X:0l) .md Swedih  \IRC  ((14\-115'175).
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MELANOCORTINS AND THEIR RECEPTORS:
BEHAVIOUR AND NEUROCHEMISTRY

Introduction

During bioprocessing of the proopiomelanocortin (POMC) molecule
several melanocortin peptides (ACTH, a-, B-, and y-MSH) have been
formed [5]. A functional role is well established for ACTH (stimulation
of steroidogenesis in the adrenals) and a-MSH (melanogenesis in the
melanocytes), whereas 3- and y-MSH still remain as mystery. In the 90th
an intense identification and cloning of the melanocortin receptors
(MCR) have been started. At present five MCR subtypes are described:
MCIR, MC2R, MC3R. MC4R and MC5R [2,3,8,9,20,25]. The MCIR
mRNA expression is limited in melanocytes and melanoma tumors [3].
and MCIR is considered as crucial for a-MSH-mediated effects
(pigmentation). More strongly limited (only in the adrenal tissues) is
MC2R mRNA expression; this subtype mediates the ACTH corticotropic
effects {20,23,28]. Wide expression of the MC3R mRNA is detected in
the brain and peripheral tissues (e.g. placenta, pancreas) {5,9.22]; this
receptor subtype binds v,- and_y,-MSH peptides, however a functional
role for both peptides and tHeir receptors is still unclear.

MC4R mRNA expression is found in brain tissues and this receptor
subtype is capable to bind B-MSH (but not y-MSH) [2.9,19.24].
Expression of the MC5R mRNA is distributed in many central and
peripheral tissues and its overlapping with MC3R, MC4R and MCSR
mRNA expressions is detected {7,10].
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In a framework of collaboration between the Uppsala University and
the Latvian Institute of Organic synthesis, the studies were tocused on
¥,-MSH and v,-MSH to clanfy their pharmacological and neurochemical
effects, possible functional role of these peptides and their receptors.
Since MC3R mRNA expression is detected to'a greater extent in the
ventral tegmental area (VTA) [22,29], the peptides were micreinjected
in this brain structure. The first data were striking: although the chemical
structures of both y-MSHs are very similar (y,-MSH: H.N-
YVMGHFRWDRF-OH; y,-MSH: H.N-YVMGHFRWDRFG-OH) and
they differ by only one extra amino acid (Gly) residue at the C-terminal
of ¥,-MSH, these peptides showed ditferent behaviour spectrum. [16].
If v,-MSH injected intra-VTA in rats induced excessive grooming and
intensification of vertical activity, ¥,-MSH in opposite, caused
hypoactivation, even moderate catalepsy. Moreover, v,-MSH acted as
antagonist by reducing the y,-MSH-induced grooming responses.
Therefore the question can be arisen whether these opposite effects of
,-MSH and v,-MSH are mediated via the same specific MC3R and its
different activation, or other receptor subtype — MC4R- which
expression is recently detected in the VTA, is also involved in peptide
actions. Besides. one should be taken into account that the VTA belongs
to one of the major dopaminergic pathways — the mesolimbic system —
which transfers signals from the VTA to the nucleus accumbens (NAAC).
This system is considered as “reward system” and intense dopamine
release in the NACC is taken as crucial neurochemical basis which
explain motivation of chronic opiate, alcohol use and development of
the drug dependence [17]. Dopamine over-release in the NACC and
behavioural hyperactivation/hyperlocomotion is found in schizophrenic
patients during psychotic states [6].

The present study analyses the influence of y,-MSH and ¥,-MSH on
“psychotic states” in schizophrenic model animals. Psychoactivation was
induced by phencyclidine and amphetamine, which may intensify
dopaminergic system and cause an increase in locomotor activity.



Methods
Animals

The experiments were performed in BALB/c male mice (19-21g)
obtained from the Breeding Facility of the Joint Stock Company
GRINDEX (Riga, Latvia). Mice were kept at +21 t, conditioned air.
humidity 60 = 10%, light cycle from 6.00 a.m to 6.00 p.m.. standard
diet (Altromin Standard Diets]320), water ad libitum.

Drugs and injection procedure

7,-MSH and v,-MSH (BACHEM), MC4R antagenist HS014 from
the University of Uppsala [26], were injected intracisternally (ic) in mice
at a dose of 0.3 nmole/mouse (in a volume 10 pb).

Phencyclidine (PCP) synthesized at the Latvian Institute of Organic
Synthesis; L-amphetamine (AMP) purchased from SIGMA; both drugs
were administered peripherally 5 min prior to peptide injections: PCP 5
mg/kg intraperitoneally, AMP 5 mg/kg subcutaneously. Peptides were
dissolved in saline. Mice of the control groups received saline Ic in the
volume of 10 ml/mouse.

Assessment of the locomotor activiry

The mice were placed in the Activity Cage (Ugo Basile, Cat.7400)
and locomotor activity was registered from the 30th to 60th min after
PCP or AMP administration.

Statistics

The results are calculated as mean values + SEM and significance
was evaluated at p<0.035 (Student’s t test). Inter-group statistics was
evaluated by ANOVA followed by Student’s t test).

Ethics

The experimental procedures were carried out in accordance to the
EU recommendations and accepted by the Ethics Committee on
faboratory animal use at the Latvian Science Council.



Results and discussion

In model animals which have received AMP as psychoactivation—
mimicking drug, tath y-MSH reduced the AMP-inducad hyperloco-
mction. As it is well-known, AMP acts as dopainine releaser from the
presynaptic nerve terminals resulting in dopamine accumulation in the
synaptic cleft, which in turn leads to enhanced postsynaptic reception.
This manifests as behavioural hyperactivation and increased locomotion
[27].

In case of PCP-model the peptides acted differentially: y,-MSH
potentiated the PCP-effects, whereas y,-MSH antagonized the PCP-
effects. Moreover, ¥,-MSH reduced the mentioned y,-MSH potentiating
effect (y,-MSH+PCP).

These data indicate that ¥,-MSH may act as psychoactivating,
whereas Y,-MSH as anti-psychotic peptide. However, there is no clear
understanding of their mechanisms of action, since PCP is a
representative of the opiate sigma receptor ligand [18], either a non-
competitive NMDA receptor antagonist [1]. The question of the
participation of melanocortin receptors in -MSH-induced influence on
PCP effects, could had be solved by using selective MCR antagonists.
Unfortunately, there is a problem to design selective MC3R antagonist,
however HS014 was found [26] as effective MC4R antagonist [13. 14].
It seems that detection of MC4R mRNA in the VTA has a great
importance, although MC4R has lower affinity to y-MSHs in comparison
to that of MC3R. Recently we have shown that MC4R antagonist HSO14
acted as strong antagonist towards the a-MSH-induced grooming [14].
In light of these results there is surprisingly novel data from the present
experiments: similarly to y,-MSH, HS014 was capable also to antagonise
¥,-MSH+PCP effects (Fig.). One may suggest whether MCRs can
mutually interact (cross-talk?) or y-MSHs and HS014 may affect
mesolimbic dopaminergic processes. Our previous neurochemical data
[15] are in line of that suggestion, as ¥,-MSH and v,-MSH injected intra-
VTA in rats considerably influenced dopaminergic processes in the
mesolimbic system (NACC and tuberculum olfactorium), particularly
by intensifying dopamine metabolism (elevation of DOPAC concentra-
tion) in 15 min after administration. Despite short half-life of the pep-
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tides. their neurochemical effects were long-lasting that manifested as
a propagation (in lh after injection) of the alterations also in other adja-
cent structures (nigrostriatal) and other neurotransmitter contents (e. g.
sharp reduction of serotonin in the striatum).

Thus. the data obtained show that y-MSHs are capable to interfere
with various neurotransmitter systems. Obviously that may explain a
variety of different central effects caused by y-MSH peptides. e.g.
influence on blood pressure, pain perception, memory {15. 21]. So, in
our experiments v,-MSH enhanced the activity of glutamate recepior
antagonist PCP, on one hand, and antagonised effects of the dopamine
releaser AMP, on the other hand. Besides one can be taken into
consideration that y,-MSH has high affinity to MC3R. In turn, similarity
in the effects of y,-MSH and MC4R aniagonist HS014 (antagonism
against both y,-MSH and v,-MSH+PCP) indicates that they may act in
similar manner on the glutamatergic processes. It remains as mystery
how one C-terminal residuc which makes ¥,-MSH structure Jonger than
that of y,-MSH may cause so great difference in their behavioural
activities and probably in modifying the melanocortinergic and
glutamatergic systems. Since PCP influence on the mesolimbic system
(stimulation of DA release in the NACC) can be taken as proved (14],
the modulating influence of the PCP effects by y,-, v,-MSH and HSO14
may indicate their ability to alter effectively this reward system and
appropriate processes. The effectveness of HS014 in the stimulation of
feeding behaviour [12] allows to suggest food intake as reward process.
One may expect that v,-MSH will be capable to express similar to HS014
activity but opposite (anorexic) from y,-MSH. The elucidation of the
roles of melanocortins and their receptors are under intense studying.
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Strong evidence suggests a functional link  between the MSH administered into the ventral tegmental area induced a
meJanocortin and dopamine  systems.  u-Melanoeyte stimulating significant  increase in dopamine and OOPAC levels in the
hormone (a-MSH) Induced grooming  behaviour,  which can be nucleus  accumbens. This increase  was completely blocked by
blocked by dopamine  receptor  antagonists, is associated  with pre-treatment with  the M~ receptor selective  antagonist
increased dopaminergic transmission in the striatal  regions. HS131, indicating that the effects of a-MSH on dopamine
Whether this effect is mediated specifically by melanocortin transmission may be mediated by the MC. receptor. Neuro-
(MC)  receptors has not previously  been established. Using in Report 12:2155-21 S8 © 2001 Uppincott ~ Williams & Wilkins.
vivo microdialysis on anesthesized rats we have shown that u-
Key words: Dopamine; HS 131; MC.-receptor;  Microdialysis; a-M5H
INTRODUCTION doparnine  Di-receptor  selective antagonist SCH 23390

Melanocortin  peptides, such as u-melanocyte stimulating
hormone (u-MSH)  and  adrenocorticotropic hormone
(ACTH), are derived from the pro-hormone pro-opiomela-

nocortin  (POMC). Central POMC containing neurons pro-
ject from areas in the hypothalamus and brain stem to
many areas of the central nervous system. The rnelanocor-
lin peptides are known to act on five subtypes of the
melLanocortin  receptors. Two of thern, the MC; and MC~
receptors, are clairned to be dorninant in the CNS [1]. The
behavioural effects of the melanocortin  peptides are well
documented, and include avoidance, feeding, stretching-
yawning and groorning [2]. In some recent studies we used
the MC, receptor selective antagonist HS014 and showed
that it could block the grooming behaviour elicited by n-
MSH, indicating that melanocortin induced groorning may
be mediated by the M~ receptor [3,4].

There are several reports suggesting the existence of a
functional link between the melanocortin  and doparnine
systems [1]. The two systems are anatornically overlapping,
and some doparnine synthesizing regions, such as the VTA
[5], also express melanocortin  receptors [61. Intracerebro-
venlricular  administration ~ of melanocortin  receptor ago-
nists not only induce excessive groorning, but also causes
elevated  concentrations of caudate nucleus doparnine
levels [7]. Elevations in OOPAC/DA ratios in the caudate
putamen and nucleus accumbens have also been observed
after administration  of a-MSH into the ventral tegmental
area (VTA) [8l. Grooming may also he induced by admin-
istration of doparnine 01 agonists [9]. Moreover, the

0959 ...965 Q Uppincott Williams & Wilkins

inhibits the groorning behaviour induced by ACTH, sug-
gesting that melanocortin  induced groorning, and perhaps
other behaviours, are at least partially mediated by central

doparnine [9,10J.
Whether the effects of melanocortin  peptides on striatal
doparnine levels is specifically mediated by melanocortin

receptors has not been established. The airn of this stud y
was to test the hypothesis that MC,-receptors in the VTA
causes increased release of doparnine in the nucleus
accumbens,

MATERIALS AND METHODS
a-MSH (Ac-Ser-Tyr-Ser-Met-Glu -His- L-Phe-Arg- L-Trp-Gl y-
Lys-Pro-Val-NH2) and HS131 (cyclo (5-S)-Ac-L-Cyss,
Gly6,D-Naf,L-Cys-NH2%)a-MSH5-10 trifluoroacetate [11])
were synthesized using the solid phase approach applying
a Fmoc-based P;oneer peptide synthesis system (PerSeptive
Biosystems) ar,0 purified by HPLC. The correct molecular
weights of the peptides were confirmed by mass spectro-
metry. Doparnine and OOPAC (3,4-dihydroxyphenylacetic
acid) were obtained from Sigma-Aldrich, Tyreso, Sweden.
The rat MC3; and MC, receptor clones were generously
provided by Dr RO Cone, Vollum Institute, USA and Dr R
Duman, Yale University, USA, respectively. The receptor
clones were transiently expressed in COS cells [12] and
competition curves were made for HS131 with a constant
concentration  of [I12SI][Nle*, D-Phe’]Ja-MSH  as described
previously  [13]. The radioligand binding assays were
performed in duplicate and repeated 3-4 times.

Voi 12No 1020 luly 2001 2155
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In order to establish the antagonistic/ agonistic proper-
ties of HS131 on the rat MC~-receptor, a cAMP assay was
performed by applying eight different concenlrations of u-
MSH alone or in the presence of 30nM HS131 to CaS celis
transiently  expressing the rat M~ receptor. Incubations
with ligands were performed for 20 min before quenching
the celis with perchloric acid/Tris-KOH and assaying

CAMP using a protein binding assay essentially as de-
scribed [14].
Male Sprague-Dawley  rats (Beco, Sweden; n =21, 270-

340 g) were housed in groups of four at a temperalure of
20-22°C and a relative humidity of 55% under an arlificial
light.dark cycle (lights on 07.00-19.00 h). The animals had
unlimited acess to food (R36 food pellets, Labfor, Lactimin,
Vadstena, Sweden) and water. The study was approved by
the local ethical committee.

The animals were divided into four groups; saline
(n=6), u-MSH (n=6), HS131 (n=5) and u-MSH+HS131
(n =4). They were anaesthetized with inactin (80 mg/kg,
i.p.) and positioned in a Kopf stereotaxic frame. Body
temperature  was kept at 37"C using a HB 101/2 tempera-
ture control unit (Letica Scientific Instruments, Barcelona,
Spaini. The skull was exposed and two holes were drilled
for the placement of a MAB microdialysis probe (cut-off
20 kDa PES; AgnTho's AB, Lidingo, Sweden) in the left
nucleus accumbens (coordinates from bregma: B +2.2, L
-15, V -7.1) and for a guide cannulae (made from
stainless steel syringes, length 15mm, o.d. 0.56 mm) into
the left VTA (B -5.0, L -0.9, V -7.2). The guide cannula
was implanted 2mm over the VTA for later insertion of a
microinjection needle and kept in place with dental cement
(De Trey, Sevriton, Gerrnany).

The microdialysis probe was perfused with arlificial
cerebrospinal  fluid (CSF; Apoteket Produktion and Labor-
atorier, Umea, Sweden) and inserted slowly into the
nucleus accumbens in order to minimize lissue damage
caused by penetration of the probe. The implanted probe
was used to deliver extracellular doparnine and DOPAC. A

constant flow of 2ul/rrun was maintained with a micro-
dialysis pump (Univentor 684 Syringe pump, Bulebel
Industrial ~ Estate, Malta). Two hours after implantation of

the probe, 20min dialysate sampies were collected from
the outlet line in the Mierosampler (Univentor 810 Miera-
sampler, Bulebel Industrial Estate, Malta) into polyethylene
microcentrifuge  tubes. Three basal sam pies were collected
with <15% variation in DA and DOP AC levels before
drug administration.

u-MSH and HS131 were respectively dissolved in sterile
artificial CSF. CSF (0.5~), u-MSH (10nmol/0.5 fil) and
HS131 (1nmol/O.5 ul), respectively, were injected manually
into the VTA via the guide cannula using a Hamilton
Mirolitre syringe (Harnilton-Bonadaz =~ AG, Switzerland) and
a fine polyethylene tube (Clay Adams, PE-10) attached to a
30-gauge mieroinjection needle that extended 1.2mm dee-
per than the guide cannula, i.e. 0.8 mm over the VTA. For
the combined treatrnents HS 131 was administered 40min
prior to the injection of u-MSH. The microinjection needle
was left in place after injection to limit drug efflux up the
cannula shaft. Sampling was continued for 4h.

The concentrations of DA and DOP AC were determined
using HPLC with electrochemical detection. A reversed-
phase colurnn (ReproSil-Pur C-18-AQ, 150 x3 mm, particle
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size 5Ty was used to separate the biogenic amines, and a

coulometric-electrochemical detection  system (ESA Inc,
Chelrnsford, MA, USA) utilizing two electrodes was used
to oxidize the amines. Preinjection part guard electrode
voltage was +0.4 V (ESA, guard cell Modei 5020) and
working electrode voltage was +0.34 V (ESA, analytical cell
Modei  5011). The mobile phase consisted of 2g/1
CH3COONa.H20, 38.75 mg/l |-octanesulfonic acid.

3.7mg/1 EDTA and 100ml/1 methanol
pump (LKB 2150 HPLC pump, Brornma, Sweden) was
0.6ml/min.  Chromatograrns  were recorded using a MEGA
series integrator (Carlo ERBA, Strumentazione, = USA). The
limit of detection was 0.4nM for both dopamine and
DOPAC.

After the experiment, the animals were killed by decap-
itation. The brains were rernoved, frozen in cold (between
-20 and -30°C) 2-methylbutane, mounted on a cryostat

at pH 4. The HPLC

microtome and sectioned (35aiTi. The sections were col-
lected on gelatine coated slides and stained with Mayer
hematoxylin  (Histolab Products AB, Sweden). The stained

sections were digitized in a video camera (CCo-72, Dage-
MTI, Michigan City, IN), and the positioning of the rnicro-
dialysis probe and the guide cannula was confirmed using
NIH-Image ", ftware (NTI-:llmage 1.54, NIMH, Bethesda,
MD) and a .brain atlas as a reference [15]. Only animals
with correctly irnplanted probe and cannula were included
in the stalistics.

For statistical analysis, cAMP dala were tested with a
repeated  measurements ANOV A, followed by Fishers
protected least significant difference (PLSD) test where
appropriate.  Changes in DA and DOPAC levels were
represented as a mean of the three post-injectional sam-
plings relative to the three pre-injection samplings. Inter-
group comparisons were made with a factorial ANOV A
test followed by Fisher's PLSD test where appropriate. All
statistics were performed using the StatView 4.51 software
for Macintosh. p <0.05 was used as the criterion of
stalislical significance.

RESULTS

The results from the radioligand binding
shown in Table 1. HS131 displayed
for the recombinant rat MC~ receptor over the recombinant
rat MC; receptor. Measurements of cAMP indicated that
30 nM HS131 blocked the increase of intracellular cAtvfP
levels induced by a-MSH in cells expressing the recombi-
nant rat MC~ receptor (Fig. 1). Repeated rneasurernents
ANOVA  anaiysis indicated that HS131 significantly
(F(1,6) = 14.1, P <0.001) blocked the u-MSH effect. Post-
hoc analysis (Fischers PLSD) showed that the effect was

experiment are
a 150-fold selectivity

Tahle 1. Binding constants (pK;, rnean *sem., and K; values) of
HS 131 for the rat Me, and Ne.. receptors determined by radioligand

binding on receptors expressed in COS celis and using [2SI]_NPD_MSH
as radioligand
HSI31
pK; 6.5+0.1 8.7 +03
K; (nN) 331 212
3 4
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Fig. 1. Generation of cAMP in €0S-l celts expressing the rot He.
receptor in response to a-MSH (n=S) and a-MSH+HSI31 (n=3).
Each point represencs mean *sern.e p <0.05.

significant at the two highest concentrations of a-MSH
tested, i.e. 1 and 10lIM (F(1,6) =9.413, p<0.05 and
F(1,6) = 7.184, P <0.05).

Baseline dialysate levels of DA and DOPAC were

0.67 £0.05 and 369 * 29 nM, respectively. The results from
the measurements of DA (F(3,17) = 12.63, P <0.0001) and
DOPAC (F(3,17) = 9.40, P <0.001) by microdialysis are
shown in Fig. 2. Post hoc analysis (Fischer's PLSD) indi-
cated that a-MSH injected into the VIA caused a signifi-
cant increase in the levels of DA (p <0.001) and DOPAC
(p <0.005) in the nucleus accumbens during the 60 min-
utes following the injection. Pre-treatrnent with HS131 into
the VIA completely abolished the effect of a-MSH on both
DA and DOPAC. HS131 administered alone into the VIA
did not induce any effect on DA or DOPAC levels.

DISCUSSION

In this study we investigated the involvernent of melano-

cortin receptors in the VIA for the melanocortin induced
release of DA in the nucleus accumbens. We used in oiuo
microd.ialysis to measure the levels of extracellular DA and

DOP AC in the nucleus accumbens following the intra- VI A

injections of the MCR agonist a-MSH and the MCy-
selective antagonist HS13l. In agreement with previous
findings [7,8], -MSH caused an increase in the levels of

DA and DOPAC in the nucleus accumbens. The effect of
HS131 was similar to that of CSF alone, but pre-treatrnent
with HS131 completely abolished the effect of a-MSH. This
is in support of the hypothesis that a-MSH media tes its
effect on nucleus accumbens dopamine by activating mela-
nocortin receptors.

a-MSH is a non-selective agonist for both the rat MC3
and MCa receptors, showing a Kl of about 10nM for each
of these receptors in binding assays [16]. our present
results, on the othee hand, show that the MCR antagonist
HS131 has a 150-fold binding preference ot the MCa
receptor compared to the rat MC3 receptor. Moeeover, our
present results show that HS131 is a blocker to the
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Fig. 2. Average levels of DA (a) and DOPAC (b) in the nucleus
accumbens mea.sured by rnicrodialysis after administration of ar-tiflctal
CSF. 10nmol a-MSH. Inmol HS131 ar 10 nmol a-MSH after pretreat-
ment with Inmol HS131 into the VTA. The resulu are presented as
mean * s.e.rn, of DA and DOPAC 60 min after administration relative ro
baseline levels.eee p <0.005 vs CSF. HS 13land HS 131/a-MSH.

agonistic activity of a-MSH on the rat MC, receptor. It
seems thus likely that the quenching effect of HS131 on the
a-MSH induced release of dopamine is due to blockade of
MCs4 receptors, but due to the fact that the concentration of
HS131 at the site of action in the VIA is unknown, it
cannot be rigorously excJuded that some other subtype of
MC receptor is blocked.

Previous evidence indicate that stimulation of central
MC, receptors may induce gcooming behaviour  [3.4].
Moreover, earlier studies show that ACTH-induced gcoom-
ing may be blocked by dopamine receptor antagonists [10J.
Therefore, it is reasonable to suggest that MC, receptor
mediated release of dopamine rnight be a causative event
in the induction of grooming behaviour by the rnelanocor-
tins,

The mesolimbic doparnine
ventral tegmental area NTA) and project axons to the
limbic system, including the nucleus accumbens. The role
of the mesolimbic dopamine system .is supposedly that of a

system  originates in the
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mediator of rewards; hence it is often referred to as the
reward system. The reward system is believed to be
involved not only in the hedonic impact of natural stimuli
(such as food), but also in the development of drug
addiction [17]. In a recent study, the availability of dopa-
mine Dy receptors were shown to be reduced in the
striatum of obese patients, suggesting a role of the central
dopamine system in the pathology of obesity [18]. Dopa-
mine is also essential for the hyperphagia in leptin-defi-
cient mice [19]. The melanocortin system is strongly
implicated in the regulation of energy homeostasis, and the
mechanism of action of melanocortin peptides on food
intake involves the complex signaling of several hypotha-
lamic nuclei [20]. However, the observed action of melano-
cortins on the mesolimbic dopamine system suggests that
some of the effect of melanocortin peptides on food intake
may be attributed to alterations in the subjective value of
food (for a discussion on possible involvements of dopa-
mine in feeding effects of the melanocortins see [21]).
Moreover, the melanocortin system appears to have a role
as a functional antagonist to opiate action [22]. Although
this may seem somewhat paradoxical, due to the fact that
opiates, in a similar fashion as the melanocortins, stimulate
the release of nucleus accumbens dopamine [23], it may
nevertheless provide yet a link between the melanocortic
and reward systems. Interestingly, several of the other
behaviours elicited by melanocortins, e.g. passive avoid-
ance [24] and stretching-yawning [25] may also involve the
central dopamine system. It is thus possible that these
melanocortin induced actions are also, at least partly,
mediated by dopamine relcase.

CONCLUSION

We have here provided evidence that melanocortin recep-
tors, with the MCy receptor being a likely candidate, may
mediate the elevated release of dopamine seen in the
nucleus accumbens after administration of a-MSH into the
VTA. It is likely that MC receptor-mediated dopamine

transmission is responsible for melanocortin-induced
grooming behaviour, and possibly also in other melanocor-
tn effects, such as feeding behaviour, passive avoidance
and stretching-yawning.
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The v,-MSH peptide mediates a central
analgesic effect via a GABA-ergic
mechanism that is independent from
activation of melanocortin receptors

V. Klusa,? S. Germane,? S. Svirskis,"? B. Opmane,?
J. E. S. Wikberg®

'Department of Pharmacology, Faculty of Medicine, University of Latvia, Riga, Latvia
?Laboratory of Pharmacology, Latvian Institute of Organic Synthesis. Riga. Latvia
3Department ot Pharmaceutical Pharmacology, Uppsala University, Uppsala, Sweden

SUMMARY Using the latency for tail-flick after thermal stimulation we have-assessed the effects of -, y,- and y,-MSH
on nociceptive threshold in the mice. Intracisternal injections of v,-MSH induced a distinct analgesia, while v,-MSH in
the same doses gave only a minor analgesia. Intracisternal x-MSH instead gave a short-term hyperalgesia. The effect
of v.-MSH was not blocked by any of the MC4/MC4 receptor antagonist HS014, naloxone or by the prior intracisternal
administrations of v;-MSH. However, the v,-MSH analgesic response was completely attenuated by treating animals
with the GABA, antagonist bicuculline. The y,-MSH analgesic effect was moreover additive to the analgesia afforded
by muscimol and ethanol, but not to that afforded by diazepam. In addition both v;- and y,-MSH induced moderate
catalepsy, but could at the same time attenuate haloperidol induced catalepsia. We conclude that y,-MSH mediates a
central anaigesic effect via GABA-receptor dependent pathway that is distinct from melanocortic- and opioid-receptors.
Moreover, the mechanism for y,-MSH’s analgesic effect appears to be distinct from that causing moderate catalepsia
by y-MSH’s. © 2001 Harcourt Publishers Ltd

INTRODUCTION Over the last few years the mode of central actions of the
melanocortins have started to become increasingly under-
stood. Five different types of melanocortn receptors,
MC,_s, that are responsive to the melanocortic peptides
have been cloned (Wikberg, 1999). Using in situ hybrid-
ization the distribution of mRNAs for the different MC
receptors were mapped. The MC, receptor mRNA was
detected only in some discrete neurones of the periaqu-
eductal gray (PAG) area (Xia et al, 1995). MC; receptor
mRNA seems not to be expressed in the central nervous
system, although it is abundantly expressed in cells of the
adrenal cortex (Xia and Wikberg, 1996). The MC; receptors
are distinctly expressed in several regions of the hypo-
Received 23 August 2000 thalamus, thalamus and mesencephalon. In particular
Accepted 20 September 2000 neurones of the ventral tegmental area (VTA) of the mid-
Comespondence to: Jarl Wikerg, Pharmaceutical Pharmacalogy. brain show abundant expression of MC; receptor mRNA
Box 591, BMC, S-751 24 Uppsala, Sweden: Tel.: +46 18 4714238; (Low et al, 1994; Xia and Wikberg, 1997). The MC, re-
Fax: +46 18 559718; E-mail: Jarl Wikberg@'armbio.uu.se ceptor is widely expressed in many regions of the CNS

The melanocortic peptides (ACTH and the -, - and v-MSH
peptides) are derived from the POMC (pro-opio melano-
cortin) precursor and have a wide-spread distribution in
the body. In the central nervous system POMC-immunor-
eactive neurones form essentially two neural systems: one
originates in cell bodies localised in the posterior hypotha-
lamus, and the other in cell bodies of the brain stem. These
neurones project to distinct regions of the central nervous
system including the telencephalon, diencephalon, me-
sencephalon, brainstem and spinal cord (Eberle, 1988).
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A y2-MSH DSaline

.0.3 nmol

7 01 nmol
| D 3nmol

B y1-MSH

a-MSH

Fig. 1 A-C Effects of 'tr, '1,-and :t:-MSHpeptides on tail-flick
latencies in BALB/c mice. Peptides were administered intracister-
nally at doses 0.3, 1 or 3 nmol and the tail-flick latencies were
recorded for up to 24 h. Saline indicates controls injected with the
same volume (10 Ill) of solvent used for peptides (saline). Baseline
represent tail flick responses recorded 30 min prior to administration
of saline or peptides. Each bar represents the mean * S.E.Mfrom
measurements of 7-9 different animals ." indicates P < 0.05 vs
saline.

of Animal Experimentation at the Latvian Research
Council.

RESULTS

Comparison of the effects of -Y2-MSHs,-Y1-MSHand

a-MSH on tail-flick latencies

Results for the effect of intraeistemal injeetions of 0.3, |
and 3 nmol of. respectively, "(2-MSH;"(-MSH and a;-MSHon
tail-fliek latencies are shown in Fig. 1 All three doses of

Neuropeptides ~ (2001) 35(1), 50-57

yz-MSH signifieantly  inereased the tail-fliek lateneies
during the 30-90 min following the injeetions; the peak
response being seen at 60 min and maximally amounting

to an approximately 70% increase eompared to the base-
line level (Fig. IA). By contrast, only the 0.3 nmol dose of YI-
MSH gave a signifieant inerease of the tail fliek latencies at
60-90 min following its intraeistemal Injection, while at
other time points, or at the 1or 3 nmol doses no signifieant

effeets were seen (Fig. 1B).:;t-MSHgave a completely differ-
ent picrure as it eaused hyperalgesia. Thus, 30 min after the
injection of a-MSH all three tested doses redueed signific-
antly the tail flick latencies. the maximal deerease being
about 35% from the baseline level (Fig. IC).

Effect of HS014 on tail-flick latencies

The possible effeet of the MC4/MC3;  bloeker HSO14 on tail-
flick latencies was assessed after intraeistemal injeetions of
0.3, 1 ar 3nmol of the compound (Fig. 2A). As seen the
HSOI4 induced no ar only very minor effects. Only at
60 min and 24 h after its injection minor signifieant effects
were seen atl and 3 nmol, respectively. These minor
effects may presumably be regarded as spurious respanses.
Thus, HSO14 appears to be essentially devoid of effeets on
tail-flick lateney.

Effects of HS014 and -Y1-MSH pre-treatments on the

effect of -y2-MSH on tail-flick responses

Anirnals were pre-treated by intracistemal administration
of either 1nmol of HSO14 or 1nmol YI-MSH 30 min prior to
the administration of 1nmol of y2-MSH, and the tail-flick
latencies were assessed (Fig. 2B). As can be seen from the
figure the HSO14 per-se d.id not affeet tail-fliek latencies,
while yI-MSH eaused a minor signifieant inerease 30 min
after its injection. The yz-MSH, on the other hand, caused
the expeeted inerease in tail-fliek lateneies; its effeet being
significant  30-90 min following its injeetion. However,
neither the HSO14 nor the "(-MSH pre-treatrnent affeeted
the response indueed by y2-MSH (Fig. 2B).

Effect of haloperidol and -y2-MSH on tail-flick responses

Animals were pre-treated by i.p. administration  of 1mg/kg
mg ofhaloperidol 30 min prior to the intracistemal admin-
istration of 1nmol of y2-MSH, and the effeets on tail-flick
lateneies were assessed (Fig. 3A). Controls were injeeted
with saline via the appropriate route. The haloperidol pre-
treatrnent, per-se, indueed a clear and signifieant inerease
in the tail-flick latency already at the start of the assess-
ment period (i.e. 30 min after haloperidol administration,

corresponding  to the zero time point reeorded just before
the saline/Y2-MSH injection) (Fig. 3A). The tail-fliek laten-
eies then remained signifieantly inereased up until 90 min,

<1:2001 Harcourt Publishers Ltd



although at varying levels (Low et al,, 1994). The localisa-
tion of the MC; receptor in the central nervous system has
hitherto not been mapped with histochemical techniques,
although Northern blot and RT-PCR analysis indicate its
presence in the brain (Chhajlani et al., 1993; Gantz et al,,
1994; Fathi et al,, 1995).

The melanocortic peptides induce a variety of central
effects, which include alterations in motor and sexual
behaviour, analgesia, improvement of memory, anti-
pyretic effects, and regulation of feeding behaviour
(Wikberg, 1999). Some of these effects have been possible
to tie to distinct sub-types of the MC-receptors. Thus, the
MC, receptor appears to have a prominent role in the con-
trol of feeding homeostasis (Wikberg, 1999). The excessive
grooming behaviour induced upon central administration
by «-MSH is also mediated by MC-receptors as it is blocked
by MC-receptor selective antagonists (Klusa et al,, 1998),
but the exact receptor(s) involved is still not entirely clear.
In a recent study we found that v-MSH’s showed quite
distnct differences on motor behaviours induced upon
its injection into the ventral tegmental area of the rat,
when compared with «-MSH (Klusa et al., 1999). Thus, v,-
MSH produced slight catalepsy and hypoactivation while
a-MSH (and y,-MSH) induced excessive grooming. More-
over, v»-MSH was capable to antagonise the y;-MSH induc-
tion of grooming. These, results prompted us to investigate
further the behavioural pharmacology of v-MSH peptides.
In the course of these studies we found that the y,-MSH
peptide is capable of inducing a powerful analgesic effect
on its central administration to the mice. In the present
study we set forth to characterise these effects. The most
prominentresult emerging from our study is that, while the
analgesic effect of v,-MSH remains completely untouched
by administration of the MC-receptor blocker H5014 or the
opioid-receptor blocker naloxone, it is completely attenu-
ated by the GABA4-receptor antagonist bicuculline, as well
as augmented by the GABA, agonist muscimol.

MATERIALS AND METHODS
Animals

Male BALB/c mice were bred at the Breeding House of the
A. Kirhenstein Institute of Microbiology and Virusology,
University of Latvia, Riga, Latvia, and used at weights 20 +
2 g The animals were housed in groups of five, using a
light—dark cycle of 12 h (lights off 19.00~7.00). At the time
of experiments the animals were arranged in groups con-
sisting of 6—10 mice.

Drugs
2-MSH
Trp-Gly-Lys-Pro-Val-NHj),
Gly-His-Phe-Arg-Trp-Asp-Arg-Phe-NH;), and

(N-Acetyl-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-
"{l‘MSH (HZN-Tyr-Val-Met-
”{z-MSH

@ 2001 Harcourt Publishers Ltd
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(HzN-Tyr-Val-Met-Gly-His-Phe-Arg-Trp-Asp-Arg-Phe-Gly-
OH) peptides were from BACHEM. The HS014 peptide was
synthesised as described (Schidth et al, 1998). Peptides
were stored frozen in aliquots until used. Naloxone hydro-
chloride (substance) was from Sigma Chemicals Co,
USA; haloperidol (0.5% solution) from Gedeon Richter,
Hungary; (+)bicuculline (substance) from Sigma
Chemicals Co, USA; muscimol (substance} from Fluka
AG, Switzerland; diazepam (5% solution) from Gedeon
Richter, Hungary.

Drug administrations

Peptides were dissolved in saline and injected intracistern-
ally (ic) into the cisterna magna in conscious mice via
a J-shape needle connected to a Hamilton syringe, as
described (Takagi et al, 1979). Intracisternal injection
volumes never exceeded 10pl. Drugs were dissolved in
saline and ethanol in water {10% ethanol), and injected
intraperitoneally.

Tail flick test

Tail flick tests were carried out in accordance to the
method described elsewhere (Dewey, 1981), with minor
modifications. In brief, the tail of the mouse was placed
on the photoelement window of a MODEL DS20 SOCREL
tail flick apparatus (Ugo Basile, Italy) and an infrared beam
was focused on the tail area, 2cm from its basis. The
latency for the mouse to react to the pain stimuli was
recorded. To avoid tissue damages, maximal exposure to
the pain stimuli was restricted to 15s.

Catalepsy test

Test of catalepsy was carried out essentially as described
(Kobayashi et al., 1997). In brief, catalepsy was evaluated
by placing both forepaws of the mouse over a horizontal
bar (diameter 0.2 cm), elevated 15 cm from floor, and the
time (in s) during which the animal maintained this posi-
tion was recorded.

Statistics

Statistical analysis was done using independent samples
ttest or one-way ANOVA and Bonferroni’s multiple com-
parison test as a post-hoc. Results are expressed as the
mean + S.EM.

Animal ethics

Experimental procedures were carried out in accordance
with guidelines of the European Community, local laws
and polices and were approved by the Ethics Committee

Neuropeptides (2001) 35(1), 50-57
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Fig. 3 A. Effect of haloperidol  (hal). naloxone (nal) and Y2-MSH on
tail-tlick latencies in BALB/c mice. Haloperidol (1 mg/kg) or naloxone
(2 mg/kg) were given i.p, at 30 min prior (- 30 min) to the injection of
:2:MSH (1 nmol). Sal indicates controls injections with the same
volume of solvent as used for respective agent. Baseline represents
tail-flick responses recorded just immediately prior to the - 30 min
time point. n = 8. indicates P < 0.05 vs saline. + indicates P <
0.05 vs baseline. 8. Assessment of catateptic effects of haloperidol
(hal). y,- and Y2-MSH in BALB/c mice. Haloperidol (0.5 mg/kg) was
glven 30 min prior to the intracisternal injection of 0.3 nmol of
respective  peptide. Sal indicates controls injections with the same
volume of solvent as used for respective agent. Baseline represents
the catalepsy recorded just immediately prior to administration of
haloperidol. n = 10." indicates P < 0.05 vs saline. ¥ indicates

P < 0.05 vs baseline. # indicates P < 0.05 vs hal + sal.

Assessment of cataleptic activities

Fig. 38 shows the effect of i.p. administration of 0.5 mg/kg
haloperidol on the cataleptic duration in the mice, as well
as the influences of 0.3 nmol of, respectively, vi- and
Y2-MSH. Haloperidol was administered 30 min prior to
the intracistemal injeetion of peptides ar saline vehicle
and the presence of catalepsy was then assessed 30, 60

and 120 min after the intracistemal injections. As seen
haloperidol caused a distinet catalepsy throughaut the
experiment, while both Y,- and yz-MSH caused weak cata-

leptic activities (Fig. 3B). Interestingly, at the 30-60 min
both y,- and YrMSH significantly attenuated the catalepsy
induced by haloperidol (Fig. 3B). As seen from the Fig. 3B
this effeet was very marked at the 30 min time point, as the
Yl-ar yz-MSH peptides attenuated the haloperidol cata-
lepsy down to the same level as that seen when the Yl-ar
yz-MSH were administered alone.

Effect of combined treatments of ethanol and MSH-
peptides on tail-flick responses

Animals were given 4.0 gfkg of ethanol i.p. 10min prior to
intracistemal injections of 1nrnol of, respectively, - ylar
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Fig. 4 A. Effecl of elhanol (EtOH) and MSH-peptides on tail-luck
latencies in BALB/c mice. Ethanol (4.0 g/kg) was given i.p. 10 min
prior to intracistern~1  injections of a-. y, or YrMSH (1 nmol in 10Il).
The Control represents animals injected i.p. with the same volume
of saline as used for ethanol The animals of the plain EtOH

group were given intracisternal saline (10111).n =9-10 indicates
P < 0.05 vs saline. o indicates P < 0.05 vs EtOH ctrl. 8. Effect of
bicucculine  (bic) and MSH-peptides  on tail-flick latencies in BALB/c

mice. Bicuculline
ternal injections

(0.5 g/kg) was given i.p. 5min prior to intracis-
of x-, Y,- or Y2-MSH (each 1nmol). Sal indicates

control injeclions with the same volume of solvent as used for
respective agent. N = 8 e indicates P < 0.05 vs saline. o0 indicates
P < 0.05 vs sal + 'f2-MSH. Baselines represent tail-flick responses
recorded just immediately prior to the i.p. injections.

yz-MSH, and the tail-flick latencies were assessed
30-120 min following the intracistemal injections. Results
are shown in Fig. 4A. The ethanol pre-treatrnent per-se

caused significant increase in tail-llick latencies durinz,_
the 30-90 min observatian periods. ":J.-MSHdid not signi-
ficantly alter the ethanol response, while y\-MSH signific-
antly attenuated the ethanol response at the 30-90 min

periods. By contrast, yz-MSH significantly potentiated the

ethanol-induced increase in tail-flick latencies, at the
30 min time point (Fig. 4A).
Effect of combined treatments of bicuculline and MSH-

peptides on tail-flick responses

In the experiment shown inFig. 4B the effeets of the GABA
receptor blocker bicuculline were assessed. Animals were
given 0.5 mg/kg of bicuculline i.p., 5min prior to intracis-
temal injections of 1nmol of, respectively, a-, Yi-ar yz-MSH
and the tail-llick Ilatencies were assessed during a
30-60 min period. Bicuculline, per-se, did not induce any
significant effects on the tail-llick latencies. YrMSH alone
induced a clear and significant increase in the tail-flick
latencies at both the 30 and 60 min periods, as expeeted.
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Fig. 2 Effects of HS014 and combinations of HS014 and v- and v,-MSH peptides on tail-flick latencies in BALB/c mice. A. Effect of HS014
administered intracisternally at doses of 0.3, 1 and 3nmol on tail-flick responses for up to 24 h after administration. Saline indicates controls
injected with the same volume of solvent used for peptides (i.e. 10 pl of saline). Baseline represent tail-flick responses recorded 30 min prior
to administration of HS014 or saline. n = 7-9 * indicates P < 0.05 vs saline. B. Effect of pre-treatment with HS014 or v,-MSH on the effect of
v2-MSH on tail-flick latencies. HS014 or y,-MSH were given intracisternally, each at a dose of 1 nmol {in 5ul), 30 min prior ( — 30min) to the
intracisternal administration of 1nmol of v,-MSH (in 5ul at ‘0min’) and the tail-flick latencies then recorded for up to 120 min following the
injection of v,-MSH. Sai indicates controls injected with the same volume of solvent used for peptides (saline). Baseline and '0 min’ represent
tail flick responses recorded just immediately prior to the —~30min and zero time points recorded just immediately prior to injection of
peptides. n = 8. " indicates P < 0.05 vs saline. + indicates P < 0.05 vs baseline.

with the peak effect being seen at the 60 min and armount-
ing approximate to a doubling over the basal (Fig. 3A). In
animals pre-treated with ip. saline, the intracisternal
injection of y,-MSH induced the expected increase in
tail-flick latencies, with the peak effect being reached
at 30-60min. In the haloperidol pre-treated animals
v2-MSH elicited essentially the same increase in tail-flick
latencies as in the haloperidol controls (i.e. animals given
i.p. saline). There were no significant differences between
the haloperidol pre-treated animals, v,-MSH treated
animals and the animals receiving combined treatment
with haloperidol and vy,-MSH (Fig. 3A).

In another series of experiments the animals were
instead pre-treated with 0.5mg/kg of i.p haloperidol and
then injected intracisternally with 0.3 nmol of y,-MSH,
using a similar protocol as for the tests of the previous
paragraph. In these tests essentially the same pattern as
above was seen. Thus, haloperidol, v,-MSH and

© 2001 Harcourt Publishers Ltd

haloperidol +v>-MSH significantly increased the tail-flick
latencies to the same degree during 30-60 min following
the intracisternal injections {data not shown).

Effect of naloxone pre-treatment on the effect of v,-MSH
on tail-flick responses

Animals were pre-treated by i.p. administration of 2 mg/kg
of naloxone 30 min prior to the intracisternal administra-
tion of 1 nmol of v2-MSH, and the effects on tail-flick laten-
cies were assessed (Fig. 3A). (The naloxone tests were done
concomitantly with the tests of haloperidol, allowing these
two groups to share the same controls). As seen from the
figure naloxone per-se caused no, or only marginal, effects
on the tail-flick latencies. Moreover, the naloxone pre-
treatment did not affect the increase in tail-flick latency
induced by the intracisternal injection of v.-MSH (Fig. 34).
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whereas v2-MSH induced a distinct analgesic effect,
v1-MSH was almost devoid of effect. It is well known that
71-MSH show preference for the MC; receptor over the
MC, receptor in binding tests. (v;-MSH binds with high
affinity to MC, receptors as well). The affinity profile of
¥2-MSH for MC receptors is quite similar to that of y;-MSH,
although v,-MSH shows all over about 3-fold lower affin-
ities for MC receptors compared with v,-MSH (Wikberg,
1999). In view of the affinity profiles of y,-MSH and
v72-MSH, the unique ability of y,-MSH to induce analgesia
is thus not congruent with the idea that the effect is
mediated via melanocortic receptors. Moreover, the
hypothesis that y;-MSH binds to an identical receptor as
v2-MSH, but is devoid of agonistic effect may be ruled out,
as we demonstrated in the present study that v,-MSH did
not antagonise the y,-MSH mediated analgesia. (See also
Oosterom et al., 1998).

In our earlier study (Klusa et al., 1999) we observed that
the y,-MSH induced a cataleptic effect in the rat. It seemed
essential to elucidate whether or not y-MSH peptides were
also cataleptic in mice. Thus, in the present study we found
that both v,- and y,-MSH induced a moderate catalepsy.
In comparison to the cataleptic activity induced by halo-
peridol these effects of v,- and v,-MSH appeared weak.
Moreover, the cataleptic activity induced by v,-MSH
appeared equally strong (or perhaps even more pronoun-
ced) compared to that induced by v;-MSH. Since y,-MSH
showed only minor analgesic effects it seems very unlikely
that the analgesia induced by y2-MSH is directly due to the
cataleptogenic effect. It was also an interesting finding that
v,- and v,-MSH were capable of attenuating the catelepsy
induced by haloperidol. The mechanism underlying these
effects of y-MSH peptides are presently not well under-
stood.

However, the data of the present study lend strong sup-
port to the notion that GABAs-receptors are involved in
the y,-MSH mediated analgesia. Strongest support for this
idea comes from the observation that the GABA 4-receptor
antagonist bicuculline can completely abolish v,-MSH
induced analgesia. Moreover, the effect of +v,-MSH
appeared to be additive to the analgesia caused by pre-
treatment of the GABA,-receptor agonist muscimol.
Moreover the y,-MSH also appeared additive to the anal-
gesic effect induced by ethanol, the latter which is aknown
potentiator of GABA activation of GABAa-receptors
(Davies and Alkana, 1998). However, the analgesic effect
of y,-MSH appeared not to be additive to that induced by
diazepam, a ligand capable of binding to the GABA, recep-
tor at a site distinct from that which binds GABA. Another
interesting observation was that a- and v,-MSH reduced
the analgesia induced by diazepam. There are some
reports suggesting interactions between benzodiazepines
and the «-MSH. Thus, diazepam was reported to signific-
antly decrease a-MSH-induced grooming (Cremer et al,
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1995), while another benzodiazepine, clonazepam, was
reported to inhibit the release of x-MSH from the neuro-
intermediate lobe in vitro (Tonon et al, 1989). Moreover,
chlordiazepoxide was reported to inhibit the basal release
of «-MSH from hypothalamic slices obtained from rats
(Mabley et al., 1991). .

The finding of the present study that »-MSH injected
intracisternally induced a short-term hyperalgesia is also
notable. The mechanism for this action of «-MSH is pres-
ently unknown,; perhaps it might be mediated by some of
the known subtypes of MC receptors. Anyhow, this observ-
ation of the present study is in line with a previous study
where hyperalgesia was seen after i.c.v. administration of
«-MSH in rats (Sandman and Kastin, 1981). However, it
shall'also be noted that some contradiction exist as to the
effect of «-MSH in rats (Sandman and Kastin, 1981).
Contradiction also exist as to the effect of «-MSH on pain
perception, since o-MSH was reported to be analgesic in
mice, as could be assessed by use of the hot-plate test
{Ohkubo et al,, 1985).

To summarise, the most pertinent finding of the present
study is that the ¥-MSH induces a central analgesia via a
mechanism that does appear neither to involve melano-
cortin receptors nor opioid receptors. Instead our data
indicate that the analgesia is mediated via a mechanism
involving the stimulation of GABA, receptors. However,
whether the y;-MSH effect is mediated directly on GABA,
receptors or indirectly via stimulation of GABAergic path-
ways remains to be studied. The present study thus re-
inforces the complexity for the pharmacology of
melanocortic peptides, findings which are in accord with
our earlier study (Klusa et al., 1999) showing that distinct
differences exist in the behavioural pharmacology of the
a-, v,-and v;-MSH peptides.
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Fig. 5 A. Effect of muscimol (musc) and MSH-peptides on tail-flick
latencies in BALB/c mice. Musicmol (1 mg/kg) was given i.p. 5min
prior to the intracisternal injections of x-, y,- or v,-MSH (1 nmol
each). Sal indicates control injections with the same volume of
solvent as used for respective agent. n = 8. ° indicatesP < 0.05vs
saline. # indicates P < 0.05 vs musc + sal. o represents P < 0.05
vs sal + 7,-MSH. B. Eftect of diazepam (diaz) and MSH-peptides on
tail-flick latencies in BALB/c mice. Diazepam (10 mg/kg) was given
i.p. Smin prior to the intracisternal injections of x-, v,- or y,-MSH
(1nmol each). Sal indicates control injections with the same
volume of solvent as used for respective agent. n = 7-16. *
indicates P < 0.05 vs saline. # indicates P < 0.05 vs diaz + sal.
Baselines represent tail-flick responses recorded just immediately
prior to the i.p. injections.

However, in animals pre-treated with bicuculline the
increase in tail-flick latency induced by v,-MSH was com-
pletely attenuated, at both 30 and 60 min. These effects
were significant at both the 30 and 60 min time points. By
contrast, neither «-nor y,-MSH, gave any significant effects
on the tail-flick response. Moreover, no effects were seen
by - or 7,-MSH in animals pre-treated with bicuculline.

Effect of combined treatments of muscimol and MSH-
peptides on tail-flick responses

The GABA receptor agonist muscimol was given i.p at a
dose of 1 mg/kg, 5min prior to intracisternal injections of
a-, 7;- or y2-MSH (1 nmol each), and the 1ail-flick latencies
were assessed during the following 30-60 min period (Fig.
5A). Muscimol, per-se, induced a significant increase in
tail-flick latency at 30 min, but not at 60 min. y,-MSH, per-
se, also significantly increased tail-flick latency time at
both time periods. At 30 min with muscimol the tail-flick
latency induced by v;-MSH was significant higher than in
the absence of muscimol. The levels for tail-flick latencies
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seen after x- and y,-MSH were similar as reported for other
experiments above, although at the 30min time point
there appeared to be a minor (probably spurious) increase
in tail-flick latency induced by both a- and v,-MSH. Neither
a- nor v;-MSH gave any significant alterations of the
response induced by muscimol.

Eftect of combined treatments of diazepam and MSH-
peptides on tail-flick responses

Diazepam (10 mg/kg) was giveni.p., 5 min prior to intracist-
emal injections of a-, v;- or v2-MSH (1 nmol), and the tail-
flick latencies were assessed during the following
30-60 min (Fig. 5B). Diazepam, per-se, induced a significant
increaseintail-flicklatencies atboth 30 and 60 min. y,-MSH,
per-se, also significantly increased the tail-flick latencies, as
expected. However, the combined treatment of diazepam
and y,-MSH did notaltersignificantly the tail-flick latencies,
compared to any cf these respective treatments given alone
(Fig. 5B). Neither o~ nor y,-MSH when given alone caused
any significant effects on tail-flick latencies. Interestingly,
however, both the «- and v,-MSH treatments significantly
attenuated the increase in tail-flick latencies caused by dia-
zapam. For x-MSH these effects were significant at both the
30 and 60 min time periods, while for v,-MSH it was signi-
ficant only at the 30 min time point.

DISCUSSION

The present study reinforce the complex and multifaceted
central nervous system pharmacology of melanocortic
peptides. Previous studies have indicated that some of
the central effects induced by MSH peptides, and ana-
logues thereof, are clearly linked with activation of
melanocortin receptors. These effects include the intense
grooming activity induced upon icv administration of
«-MSH, which may be blocked by prior administration
of the MC4/MCs-blocker HS014 (Klusa et al, 1998).
Another is the inhibition of ingestive behaviour by MSH
peptides, where a large body of accumulating evidence
suggest the effect is mediated by activation MC, receptors
located to hypothalamic areas. For example icv administ-
ered «-MSH and B-MSH (but not v,-MSH) inhibited sponta-
neous food intake in food deprived rats (Kask et al., 2000)
while HS014 increased food intake (Kask et al., 1998). (See
Wikberg, 1999, for a full discussion on the role of MC,
receptors for control of feeding behaviour).

However, the data of the present study do not lend
support to the idea that the analgesic effect of y,-MSH is
mediated via the activation of melanocortic receptors. One
reason being that the analgesic effect of v,-MSH was not
affected by HS014. HS014 is a blocker of both MC, and
MC; receptors (albeit with a slight selectivity for the MC,
receptors [Schidth et al, 1999]). Another reason is that
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Abstract

The discoveries of the latest ten years have shed new light in understanding the roles of
melanocortins and their receptors in brain functions and in the development of different
pathologies. Since 1992 when genes encoded melanocortin receptor five subtypes were
identified, cloned and characterized, the molecular mechanisms underlying different effects
such as skin darkening, behaviour, food intake, anti-inflammatory action, analgesia have
been clarified. The contribution of melanocortins and their recepiors in the physiological
control of organism homeostasis has become as the background for the search of agonists
and antagonists of separate receptor subtypes, that can be targeted to the melanocortin
receptors and used as therapeutic drugs for the treatment of psychoneuroendocrine and
immune system diseases.

1. What are Melanocortin Peptides?
1.1 BIOSYNTHESIS AND STRUCTURES

The melanocortins (or melanocyte stimulating hormones, or MSH peptides) are derived
from the precursor, a 31-36 kDa glycosylated protein called pro-opio-melanocortin or
POMC (Fig.1), during its biodegradation or proteolytic processing [1]. The full amino acid
sequence was discovered only at the end of the 1970" by cloning of its cDNA [2]. POMC
generates a large array of biologically active peptides, including the adrenocorticotropin
(ACTH), MSH peptides and B-endorphin, B-lipotropin, y-lipoptropin. Proteolytic cleavage
occurs mostly at sites where two polar amino acids form a peptide bound, e.g., Arg-Arg,
Lys-Lys, Arg-Lys, Lys-Arg. At present, the following peptides are attributed to the
melanocortin family: a-MSH, ACTH, B-MSH, y1-MSH, y2-MSH, y3-MSH. These peptides
differ from each other by their amino acid sequences, however they share a common
pharmacophoric unit (underlined), a tetrapeptide His-Phe-Arg-Trp (Table 1). Interestingly,
that a-MSH molecule completely coincides with the first 13 amino acid sequence of the
ACTH, however a-MSH has acetyl group in the N-terminus and amide group in the C-

terminus.
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TABLE 1. Primary structures of peptides of melanocortin family

Peptide Amino acid sequences

ACTH: H,N-SYSMEHFRWGKPVGKKRRPVK VYPNGAEDESAEAFPLEF-OH
a-MSH: N-Acetyl-SYSMEHFRWGKPV-NH,

B-MSH: H,N-AEKKLEGPYRMEHFRWGSPPKD-OH

y1-MSH: H;N-Y VMGHFRWDRF-NH,

72-MSH: H,N-Y VMGHFRWDRFG-OH

y3-MSH: H;N-Y VMGHFRWDRFGRRNG SSSSG VGGAAQ-OH

The POMC derived peptides have diffuse distribution in the central nervous system, as well
as in peripheral organs [for review see 3]. a-MSH is mostly synthesized in the intermediate
lobe, ACTH in the anterior lobe of hypophysis, however POMC is also synthesized and
processed in other brain areas, especially in the hypothalamus.

1.2. HISTORY OF THE DISCOVERY OF MELANOCORTINS

In the beginning of the 20th century, melanocortins were originally recognized at the
intermediate lobe of hypophysis, and the influence of pituitary extracts on melanocyte
dispersion in frog skin and, hence its pigmentation (darkening) was observed [4]. 43 years
later, the a-MSH molecule was identified [5] and it was obtained that this is the right
peptide which is responsible for frog skin darkening. Only in the 1990™ a role of a-MSH in
melanoma formation in human beings was detected [6-8]. Therefore phylogenetically, a-
MSH is an ancient molecule that has remained essentially unchanged during late vertebrate
evolution, and this molecule is remarkably conserved across different species. In the 1960"
a lot of studies was devoted to clarification of the functional role a-MSH and ACTH. For
instance, the scientists’ group from the Netherlands, headed by Professor De Wied have
obtained an influence of ACTH, its fragments and analogues on rodents’ behavior [9]. They
have found that these peptide can induce excessive grooming when administered
intracerebroventricularly, and may improve short-term memory. One of the most
remarkable discovery made by E.W.Sutherland (Nobel Prize winner, 1971), was that the
ACTH-induced steroidogenesis is mediated via intracellular mechanisms that involve
cAMP, a second messenger molecule formation. However knowledge of melanocortins and
their functional role has increased tremendously over the last 10 years when five
melanocortin receptor subtypes were identified, cloned and characterized.
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2.Melanocortin Receptors (MCRs)

2.1. RECEPTOR SUBTYPES

2.1.1. MCIR

In 1992 the genes encoding G protein coupled MSH receptor, termed MCIR, were cloned
independently by two groups (Prof. Jarl Wikberg, Uppsala University, Sweden, and Prof.
Rogers Cone, Oregon, USA) [10, 11].The localization of this receptor subtype firstly was
found in melanocytes of the skin and in solid melanoma tumor cells, lately in many other
cell types including those of different brain areas [12, 13], fibroblasts [14], keratinocytes
[15], macrophages and monocytes [16, 17], neutrophiles [18], endothelial and glial cells
[19]. Now the mostly clarified function of MCIR is its binding with a-MSH that leads to
skin darkening and melanoma tumorogenesis. The new area that is being studied
intensively over the last 5 years is anti-inflammatory action where probably MCIR and a-
MSH play a crucial role (see below “The Newest Findings...”).

2.1.2. MC2R

MC2R which was discovered at the same time as MCIR, is proved to be the ACTH
receptor of the adrenals, which controls steroidogenesis professes [20]. This receptor
subtype considerably differs from other melanocortin receptor subtypes, since it binds only
with ACTH but not with any other melanocortin molecules [21]. Recently, the expression
of MC2R was identified in the skin [22] that indicates eventual role of MC2R and ACTH in
the physiology of skin.

2.1.3. MC3R

In 1993 the genes encoding MC3R were cloned and their localization was identified in the
brain, placenta and gut (23]. Lately its expression in the heart was shown [13]. There are
two very important matters which seems to be put forward in studies of MC3R functional
role: 1) y-MSH peptides have high affinity to MC3R, particularly y1-MSH shows 40-fold
selective affinity for rat MC3R vs MC4R [24]; 2) MC3R can be abundantly expressed in
the brain structures that belong to the mesolimbic system, i.e., the ventral tegmental area
[25] and the nucleus accumbens [3]. The functional role of MC3R and also of y-
melanocortins is comparatively less studied. However, recent data (see below “The Newest
Findings...”) show a considerable influence of y-melanocortins on the functions mediated
via the mesolimbic system, particularly those attributed to the psychoactivation states.

2.1.4. MC4R
MC4R was found to be expressed in all brain regions of mammals [26]. The high levels of

MC4R is detected in the nucleus accumbens [26, 27]. Unlike MC3R, MC4R was not
essentially found in the periphery. However, recent findings showed evidence that MC4R
may be present in peripheral tissues [28]. The main difference between the MC4R and the
other receptors is its particularly low affinity for the y-MSH peptides, and slightly higher
affinity for B-MSH than a-MSH and ACTH [29]. Recently relationship between feeding
control and MC4R have been studied (see below “The Newest Findings...”).
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2.1.5. MC5R

The physiological role of MC5R is still obscure. This subtype is widely expressed in many
peripheral tissues, particularly in the exocrine glands (e.g., adrenal glands, prostate,
pancreas). There are evidence suggesting that MC5R plays a role in regulation of functions
of exocrine glands. For instance, MC5R in mice is involved in production of sebum from
sebaceous glands resulted in water repulsion of their furs and thermoregulation [30].

2.2. MCR STRUCTURE AND SIGNAL TRANDUCTION

The MCRs belong to the class of G protein coupled 7-transmembrane (TM) region or
heptahelix receptors. All the receptors have several glycosylation sites in their N-terminal
domain, and conserved cysteins in the C-terminal part, which may serve as sites for fatty
acid acylation anchoring the C-terminus to the plasma membrane. Modelling of the peptide-
receptor binding by use of cyclic heptapeptide [Cys*, Cys'®]a-MSH as a model compound,
shows that receptor binding site forms a binding pocket by involving most TM domains
with exception of TM4 and TMS5 [31]. Obviously all domains are necessary to arrange
optimal protein conformation to provide high binding activity.

A full lengths of the primary structures of MCR family shows that receptor subtypes share
about 40-60% homology of their sequences (Table 2) [32].

TABLE 2. Amino acid identity (in %) between the five cloned human NC receptor subtypes [32]

&C IR MC2R MC3R MC4R MCSR
MCIR 100 38 45 47 44
MC2R 100 42 46 44
MC3R 100 42 57
MC4R 100 60
MC5R 100

The signal transduction mechanisms provided via MCRs are mostly regarded to stimulatory
pathways resulting in second messenger cAMP formation [33], however there is some
evidence indicating the phosphoinositol pathway can also be involved in the signaling of
the MC3R.

2.3. BINDING AFFINITIES

The evaluation of binding affinities (Table 3) showed that ACTH binds only MC2R,
whereas MC3R shows a relative preference for y-MSH peptides. The other receptor
subtypes bind natural MSH peptides with an order of potency which can be seen in Table 4
[34,35].
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TABLE 3. Binding affinities for melanocortins, obtained in MCR transfected COS cells
34, 35]

Ligand MCl MC3 MC4 MC5

a-MSH  0.12+£0.023 20.7+37 641 +£104 8240 £ 1670
B-MSH  1.17+0.27 13.4+64 446 +£96.5 14400 + 1670
Y1-MSH 2.68+£0.35 7.06+2.90 29001 + 1791 42600 + 6600
v2-MSH 112+5.4 17.7£19 >100000 >100000

TABLE 4. Comparative pharmacology of melanocortin receptors [34, 35]

Receptor Potency of POMC peptides
(MCRs)

Human MCIR a-MSH>ACTH>8-MSH>>y-MSH
Human MC2R ACTH T

Human MC3R v-MSH= a-MSH>ACTH

Human MC4R a-MSH >ACTH= f-MSH> y-MSH
Human MC5R a-MSH> B-MSH>>y-MSH

3. The Newest Findings Of The Functional Roles of Melanocortins And Their
Receptors

Over the recent 5-10 years informations about functional roles of melanocortins and their
receptors have increased considerably, however the newest findings show complexity of
melanocortinergic processes and their link to the non-melanocortinergic pathways and
molecules.

3.1. MCRI AND a-MSH

MCRI1 was recently demonstrated to have indirect roles for immune responses. a-MSH
may exert anti-inflammatory effects by reducing the production of pro-inflammatory
cytokines [18], and inflammatory mediator NO in macrophages [15], as well as by
suppressing of the expression of leukocyte adhesion molecules in vascular epithelium [36].
That is in good line with previously described findings [37] demonstrated that POMC-
derived peptides may be produced in immunocompetent cells when they receive non-
cognitive (bacterial, viral) stimuli. The peptides then can be released to initiate
glucocorticoid synthesis along the immuno-adrenal axis, hence induce immunosuppression
and anti-inflammatory action. Recent data [38] show that not only entire molecule of a-
MSH but also its shorter fragments (a-MSH 1-10 and a-MSH 11-13) may considerably
suppress NF-xB production in macrophage cell line expressing MCR1, when they are



260

exposed to inflammatory agents such as LPS and interferon-y. These and other data give
enough evidence to suggest that MCRI and a-MSH play a crucial role for providing anti-
inflammatory effects by involving pathways from the activation of receptor, production of
second messengers to the activation of transcription faetors and induction of gene
expression (Figure 1).

Cytosol

Figure 1. Modei for the regulation of a-MSH-induced anti-intlamrnatory effect. a-MSH binds to MCR and
possibly activates both signal transduction pathways (via cAMP and IP) production) resulted in
inhibition ofNF-K.8 translocation into the nucleus, caused by inflarnmatory cytokines (LSP+INF-y).

3.2. MCR4 AND a-MSH

MC4R is ubiquitously expressed in the brain and for long time it was considered that this
receptor subtype is essentially absent in periphery. However recently MCR4 is found in
human adipose tissue, that initiates an interest for the MCR4 as important factor in control
of body weight [39]. Now there is huge of data demonstrating that MCR4 plays an
important role in feeding behaviour, and a lot ofreviews are devoted to this subject [3, 29,
30, 32, 40]. So, already in the 1980'h it was shown that a-MSH and ACTH (1-24) injected
into the hypothalamus caused a marked inhibition of food intake [41]. In the 1990'h
intriguing data were added, for instance that MCR4 knockout mice developed morbid
obesity [42]. Moreover, several MCR4 mutations in human population were found as
essentially associated with obesity [40]. A link of melanocortinergic  process es with others
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involved in feeding control was confirmed when it was found that agouti peptide acted as
MCR4 endogenous antagonist [43]. Afterwards intriguing observations confirmed idea that
the selective MC4 antagonists induce overeating and severe obesity. In contrast, agonists of
this receptor subtype exerts anorexive effects. That stimulates intensive drug design to
obtain selective MCR4 agonists and antagonists. For instance, intracerebroventricular
administration of novel highly selective MCR4 antagonists HS014 and HS024 were found
to cause 2-4-fold increase in food intake in rats [29, 44]. MC4R is suggested also to be
involved in opiate addiction [45]. a-MSH interaction with MC4R probably mediates also
regulation of cardiovascular system [46]. a-MSH probably via MCR4 can stimulate nerve
regeneration after nerve injury [46,47].

3.3. MCR3 AND y-MSHs

The functional role of both MCR3 and y-MSHs is less studies and less understandable. An
attention can be paid to structures of yl- and y2-MSH peptides, which show surprising
homology of their amino acid sequences (see Table 1) with exception of extra C-terminal
glycine residue in y2- MSH molecule that differs these peptides from each other. Besides,
v-MSHs have the highest binding activity to MCR3 which is abundantly expressed in the
dopaminergic mesolimbic system, that in turn belongs to the reward system involved in
drug dependence and motivational processes, manifestation .of schizophrenic
hyperactivation, and emotions. This system involves two very-important brain structures
playing an essential role in regulation of dopaminergic pathways: they are the ventral
tegmental area (VTA) and the nucleus accumbens (NACC). The cytoarchitectony of the
VTA is very complicated, since dopamine DA cells receive a lot of interneurons both the
inhibitory (e.g.GABAergic) and the excitatory (e.g. glutamatergic) that may modulate
dopamine (DA) release in the NACC [48]. If DA cells are stimulated the DA release in the
NACC is increased and that coincides with hyperlocomotion and stereotypical behavioural
responses (e.g. grooming) in laboratory animals. In schizophrenic patiens or drug addicted
persons, DA hyperproduction in the VTA may lead to psychoses, paranoidal delutions etc.
Logically, the questions can be arisen conceming the role of melanocortins in these
processes:

1) are there only melanocortinergic mechanisms involved in y-MSH effects?

2) may dopaminergic and/or other neurotransmitter systems contribute to YMSH action?

3) what is the neurochemical basis for y-MSHs effects?

4) what is the endogenous roie of these peptides?
We have tried to find answers to these questions for a period since 1995 in collaboration
with scientists group headed by Professor Jarl Wikber (Uppsala University) and having
five-year financial support from the Howard Hughes Medical Institute (USA). What have
we found? First of all, aimost in all experiments we have found different behavioural
repertoire of both peptides, however their structures are very similar. So, if, y1-MSH
injected into the VTA induced psychoactivation in rats behaviour (excessive grooming,
increase in vertical locomotor activity), in contrary, y2-MSH lacked these activities and
instead it caused a moderate catalepsy. Moreover, y2-MSH completely antagonized the, y1-
MSH-induced behavioural responses (Klusa et al., 1999). These data indicate that y1-MSH
may act as psychoactivatory peptide probably by stimulating effect on DAergic system,
whereas y2-MSH acted in opposite manner — as antipsychotic substance. These suggestions
were confirmed by neurochemical data obtained by peptide admunistrations into the VTA
and assessment of DA and its metabolite DOPAC in the NACC [50]: y1-MSH induced a
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considerable increase in DA and DOPAC levels, while y2-MSH caused a decrease in these
levels (Figure 2).
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Figure 2. Influence of the intra-VTA administered y1-MSH, y2-MSH and y2-MSH+y1-MSH on the dopamine
(DA) and DOPAC concentrations in the rat nucleus accumbens. Dose of peptides was 3nmol/rat.
* p<0.05 vs CSF (artificial cerebrospinal fluid), * p<0.05 vs control, i.e. basal values (B1+B2+B3)3,*
p<0.05 vs yI-MSH. Injection 1: administration of y1-MSH or y2-MSH or saline. Injection 2: regards
only to the combined administration y2-MSH+y1-MSH (arrow at Injection 2 shows administration of
v1-MSH after pretreatment of y2-MSH (arrow at Injection 1).

The same antagonizing phenomenon between both peptides was observed: y2-MSH
abolished the y1-MSH-induced neurochemical changes in the content of DA and DOPAC
(Figure 2). These findings allowed us to suggest that the relationships between both y-MSH
peptides may be considered as functional antagonism (?) based on their opposite influence
on the mesolimbic dopaminergic system, particulary on their ability to influence DA
metabolism.

It is very important that imbalanced DAergic system may lead to the development of
psychiatric disorders. For instance, schizophrenia can be considered as manifestation of
hyperactivation of the DAergic system and hypoactivation of the glutamatergic system.
Modeling of schizophrenic state in laboratory animals (mice) by use of phencyclidine
(PCP), a drug capable to act as non-competetive antagonist of glutamate NMDA receptors,
again showed different effects of both y-MSH peptides injected intracisternally (Figure 3):
y1 MSH potentiated the PCP-hyperlocomotion effects, whereas y2-MSH reversed up to the
control level the locomotor responses increased by PCP [51].
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Figure 3. Influence of y1-MSH and y2-MSH (0.3nmol/mouse, i.c.) on phencyclidine (PCP)-stimulated
spontaneus locomotor activity in BALB/c mice (n=9). PCP, 5 mg/kg, i.p., Smin prior to y1-MSH or y2-
MSH injection. Activity counts measured in 30-60min period after y-MSH peptide administrations.
* P<0.05 vs saline, ** P<0.05 y[-MSH or y2-MSH vs PCP, * P<0.05 yI-MSH+ PCP or y2-MSH+PCP
vs PCP, ° P<0.05 y1-MSH+ PCP or y2-MSH+ PCP vs y|-MSH or y2-MSH , resp.

These data indicate that both y-MSH peptides may also modulate glutamatergic system.
Moreover, examination of the influence of both peptides on pain perception by use of tail
flick method in mice has found that y2-MSH (but not yI-MSH) was capable to cause a
considerable analgesic effect that is mediated via GABAergic mechanisms [52]. y2-MSH-
induced analgesia was not altered by naloxone (opiate receptor antagonist), haloperidol
(DA receptor antagonist), HS014 (melanocortin receptor antagonist), neither by y1-MSH
(peptide which antagonized y2-MSH-induced behavioural and neurochemical responses).
At the same time bicuculline (GABA site antagonist of the GABA-A receptor) reduced
completely the y2-MSH-analgesia, and muscimol (GABA site agonist of the GABA-A
receptor) augmented this effect. y2-MSH-analgesia was not influenced by diazepam
(benzodiazepine site agonist of the GABA-A receptor), while analgesic effect was
increased in ethanol-pretreated rats, indicating that ethanol modulatory site of the GABA-A
receptor may be influenced by y2-MSH. As to y1-MSH (which does not produce analgesic
effect), it exerted antagonizing effects against analgesia caused by diazepam and ethanol
[52] Thus these data allow to suggest that y2-MSH influences GABA site of the GABA-A
receptor, whereas yI-MSH may modulate benzodiazepine site of the GABA-A receptor;
both y-MSHs in opposite manner may modulate ethanol site of the GABA-A receptor.
Summarizing the newest data concerning y-MSH peptides one may consider that they may
be involved in many pleiotropic functions, such as modulation of dopamine-, glutamate-
and GABAergic processes, regulation of pain perception and psychoactivation, and
probably act as endogenous mutual antagonists (schizophrenic/anti-schizophrenic?).
Probably these peptides may play a role also in regulation of the mesolimbic reward
system.
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4. Drug Design Based On MCR-MSH Binding Data

Knowledge about the melanocortins and their receptors stimulates to modulate
melanocortin receptor signaling by a design of new molecules that act as agonists or
antagonists at the receptor levels. The newest data indicate that new drug design based on
melanocortin and their receptor subtype binding can open new vistas in understanding of
both the formation of pathologies where these molecules play an essential role, and the new
strategies how to treat diseases. The most promising tendencies are given below (Table 5).

TABLE 5. The new strategies in drug design

MCR subtype Agonists/antagonists Usefulness in the treatment of
pathology

MCRI agonists anti-inflammatory drugs
immunoregulators

MCRI antagonists melanoma suppressors

MCR3 agonists/antagonists regulation of drug dependence
psychoregulators (antipsychotic
drugs?)

analgesic drugs
blood pressure regulation (pressor

activity?)
MCR4 agonists anorexive drugs (anti-obesity)
antagonists orexigenic drugs
blood pressure regulation (depressor
effect?)
MC5R agonists/antagonists regulation of excretory gland functions

The cloning of melanocortin receptors has shed a new light in understanding of the
functional role of melanocortins and their receptors. That in turn stimulates rationale new
drug design which can be useful in the treatment in different diseases, particularly those
attributed to the central nervous system pathologies. This is attractive and rapidly
developing field with promising opportunities.
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Abstract

By use of the brain microdialysis technique we show that administration of vy,-melanocyte stimulating hormone (y(-MSH) into the ventral
tegmental area of anaesthetized rats causes an increase in the release of extraceilular dopamine and its metabolite 3,4-dihydroxyphenylacetic
acid in the nucleus accumbens, while y,-MSH causes the opposite effect. Moreover, v,-MSH pre-treatmoent considerably reduced the ;-
MSH-induced effects. Our findings suggest an opposing action of two y-MSH-activate . pathways on the mesolimbic dopaminergic system,
which could be important in the maintenance of a balanced psychoactivation state.

© 2004 Published by Elsevier Ireland Lid.
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Pro-opiomelanocortin (POMC) is a precursor protein which
is processed into several neuropeptides that include the
melano%ordn peptides (a-, B-, y-melanocyte stimulating
hormong?dSH and adrenocor..cotropic hormone), as well
as lipotropin and endorphin molecules [2]. Since the
discovery of five subtypes of melanocortin receptor
(MCR,_5) [1,3,9,10,16], tremendous progress has been
made to clarify the endogenous roles of melanocortins and
their receptors. Among all melanocortins, y-MSH peptides
are Jess studied and their functional roles are least under-
stood. However, some light has been shed by findings that
demonstrate an abundant expression of MCR; and MCRy in
the ventral tegmental area (VTA) and in the nucleus
accumbens (NACC) [12,14]. Moreover, a high affinity of
MCR; for y-MSH peptide binding [8,12] and comparatively
low affinity of MCRy4 for y-MSH peptide binding [8] has
been demonstrated. Furthermore, y1-MSH shows a 40-fold
increase in selective affinity for rat MCR; vs. MCRy [8].
These data suggest the existence of a functional link
between the meldnocortin and dopamine systems since
these two. systems overlap to some extent anatomically:
firstly, mesoclimbic dopamine (DA) neurons of the VTA

* This article is dedicated to Professor Manfred Zimmermann's 70th
birthday with best wishes for his continued vitality.
* Corresponding author. Tel.: +371-3:927-6263: fax: ~ 371-2-736-6306.
&-mail address: vijaklus@lamet. v (V. Klusa). }

N304-3940/03/$ - see front matter © 2004 Published by Elsevier Ireland Ltd.

doi:10.1016/j.neulet.2003.12.006

project to the NACC and secondly, y-MSHs display high
binding activity for MCR3.

We have found previously [6] that ;- and y,-MSH,
peptides with strikingly similar structures (yl1-MSH: H,N-
YVMGHFRWDRF-NH, and v2-MSH: H;N-
YVMGHFRWDRFG-OH) induce different, even opposite
behavioural responses in rats after their intra-VTA adminis-
tration: while y,-MSH causes pronounced grooming and
vertical activity (similarly to a-MSH), while vy,-MSH lacked
these effects; instead it induced moderate catalepsy. More-
over, we showed that y,-MSH acted as antagonist of -y,-MSH
{6]. These d: . . indicated that the mesolimbic DAergic system
might be involved, at least in part, in the mediation of the
behavioural effects induced by melanocortic peptides. In
earlier studies we have shown that the grooming effect caused
by intracerebroventricular, as well as intra-VTA injections of
a-MSH, is blocked by an MCR, antagonist [5], and that
injection of a-MSH into the VTA mediates release of DA in
the ipsilateral NACC [7].

The present study was designed to clarify the influence of
v1- and y,-MSHs on the dopaminergic mesolimbic system.
and to identify the peculiarities of the behavioural repertoire
induced by these peptides. Therefore, we investigated the
influence of y,- and y,-MSH administered intra-VTA on the
release of DA and its metabolite DOPAC in the NACC
using the microdialysis technique in rats.
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Male Sprague—Dawley rats weighing 270340 g were

housed with free access to food and water at 21 =1 °.C,
lights on 07:00-19:00 h. Rats were anaestheuzed with
Inactin (80 mg/kg per rat, intraperitoneally) and placed in a
Kopf stereotaxic frame. Stereotaxic surgery Was performed
according to method described elsewher® (7). Peptides
(from Sigma) were injected manually into the VTA at the
dose of 3 nmol/0.5 .} cerebrospinal fluid (CSF) via a guide
cannula with bregma as reference: B — 5.0 mm. _'0-9 mm
and V — 7.2 mm [11], by use of a Hamilton Microliter
syringe. Animals received CSF injections served as a
control group. The microdialysis probe (cut'Oﬂc ‘—?O kDaPES;
AgnTho's AB, Lidingo, Sweden) was placed into the left
NACC with bregma as reference: B +2.2 mfm- L —1.5mm
and V —7.1 mm, and perfused with artificial CSF at 2 ul/
min. Peptide administration was not started until three
samples at 20-min intervals showed less thall 15% vanation
of the DA and DOPAC content. The total timé for collection
of samples after the injection of a peptide Was 2 h. DA and
DOPAC were immediately determined bY Mgb-perform-
ance liquid chromatography using electrochemical detec-
tion (ReproSil-Pur C18-AQ; ESA Inc. detector: guard cell
electrode voltage +0.4 V: working electrod® voltage + (?.34
V). The recycled mobile phase used was 2 8/! of sodium
acetate monohydrate, 38.75 mg !-octanesulfonic acid, 3.7
mg EDTA in 900 m! H,0/100 ml methanol. PH 4, and the
flow rate was 0.6 ml/min. Only animals with 2 histological
verification (correctly implanted probe and cannula) were
included. The average of three baselin€ samples was
considered as control level and was taken !0 Tepresent a
level of 100%. The data wer- statistically analysed using
one-way analysis of variance followed by the Newman-
Keuls Multiple Comparison test and paired I-test: .

The dose of 3 nmol (in 0.5 wl)?for y-MSH peptides was
selected because of the pronounced behavlour_al Tesponses
we previously observed it to elicit [6). Baseline dialysate
contents of DA and DOPAC were 32.3 * 0.3 fmol and
24.6 * 1 nmol, respectively, in 40-pl samples. Adminis-
tration of v,-MSH into the VTA resulted in a significant
increase in the extracellular DA and DOPAC release in the
NACC, and the influence on DOPAC level was markedly
higher than that on DA level (Fig. lab)- By contrast, the
intra-VTA injection of y,-MSH caused @ pronounced
decrease in the DA and DOPAC contents 1 the NACC
dialysates, the decrease in the DOPAC levels belng more
pronounced than the decrease in DA- IntIa-YTA. pre-
treatment with y,-MSH (vy,-MSH injected 40 min prior to
v;-MSH) significantly attenuated the effect of v\-MSH on
DA and DOPAC (Fig. la.b). _

Over the last 5-10 years, the functional r'oles of
melanocortins and their receptors has been consxde\rably
clarified; however, the newest findings sho%W complex.uy‘ of
melanocortinergic processes on the one hand. and their link
to the non-melanccortinergic pathways and molecules on
the other hand. Particularly. interest has be€n focused on the
dopaminergic mesolimbic system, in whose stucture the
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melanocortin receptor subtypes 3 and 4 (MCR3 and MCR,)
are expressed abundantly (for reviews see [14,15]) and their
affinities for y-MSH peptides binding have been demon-
strated. In turn, the dopaminergic mesolimbic system
belongs to the reward system which is involved in drug
dependence and motivational processes [13], as well as in
manifestations of schizophrenic hyperactivation and
emotions. This system involves two very important brain
structures playing an essential role in regulation of
dopaminergic pathways: they are the ventral tegmental
area (VTA) and the nucleus accumbens (NACC). The
cytoarchitectony of the VTA is very complicated, since A10
DA cells receive numerous interneurones, both inhibitory
(e.g7ABAergic) and excitatory (e.g. glutamatergic), that
may modulate dopamine (DA) release in the NACC [13]. If
DA cells are stimulated, the DA release in the NACC is
increased which coincides with hyperlacomotion and
stercotypical behavioura] responses (e.g. grooming) in
laboratory animals. In schizophrenic patients or drug-
addicted r~tsons, DA overactivity may lead to psychoses,
paranoid delusions, etc. In the present study we have
investigated how the dopaminergic system contributes to
the y-MSH-induced behavieural effects. As was shown
earlier, intra-VTA administration of v,-MSH induced
marked grooming and rearing activities in the rat, whereas
v:-MSH lacked these responses and caused a moderate
catalepsy; it acted also as a +y;-MSH antagonist [6].
Although hoth the yi-and v,-MSH peptides studied herein
are agonists on the rat melanocortin MC; and MCj receptors
[15]}, our findings dispute a simple model wherein MC; and/
or MC, receptors become activated only by the MSH
peptides upon their intra-VTA administration. Despite the
fact that y;- and v;-MSH structures are almost identical,
differing from each other only by an extra C-terminal Gly in
the y,-MSH molecule, we have demonstrated a striking
difference in the effects of -y,-MSH versus y,-MSH. While
intra-VTA administration of -y,-MSH increased the release
of DA and DOPAC in the NACC, v,-MSH decreased it.
Moreover pre-treatment with y,-MSH considerably
reduced the yi-MSH-induced alterations in DA and
DOPAC concentrations. These opposite effects on meso-
limbic dopamine Tansmission correlate well with our
previous observations on the peptide’s behaviour. It is
plausible that the vv)-MSH-induced grooming and rearing
hyper-reactivily can be attributed to a stimulating action on
the dopaminergic mesolimbijc system. The cataleptic state
caused by y,-MSH, on the other hand, may be attributed to
the inhibition of the dopaminergic mesolimbic system.
Thus, our findings indicate a distinct behavioural and
neurochemical repertoire of both y-MSH peptides: psy-
choactivation of the y,-MSH and in contrast, antipsychotic
action of the y2-MSH. A most intriguing phenomenon
obtained in the above smdies is an antagonistic relationship
between vy)- and ¥,-MSH peptides. The latter findings
allowed us to suggest that the relationships between both -
MSH peptides may be considered, at least in part, as
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Fig. 1. Average levels of extracellular DA (a) and DOPAC (b) in the anaesthetized rats nucleus accumbens measured by microdialysis following intra-VTA
administration of artificial CSF (control). v;-MSH and v,-MSH (each peptide 3 nmol). and influe: ¢ of the pre-treatment of +y;-MSH (3 nmol) on the cffect of
v¥:-MSH (3 nmol). Changes are expressed as percentages (= S.E.M.) from basal levels of DA and DOPAC (calculated as the mean of the three samples before
the treatment of MSH peptides and amounting 1o for DA 32.3 = 0.3 fmol/40 ul and for DOPAC 24.6 = 1 nmol/40 pl). n = 7.*P < 0.05 vs.CSF, * P < 20.05

vs. y,-MSH (ax *P < 0.05 vs. v,-MSH (b).

functional antagonism based on their opposite influence on
the mesolimbic dopaminergic system, particularly on their
ability to influence DA metabolism in a distinct manner.
Differing effects were found also ia studies of the capacity
of ;- and vy,-MSHs to induce analgesia in mice [4]. Thus,
intracisternal injection of -y;-MSH caused a stable and long-
acting central analgesia mediated via y-aminobutyric acid
(GABA,) receptor, whereas v,-MSHs induced only a
negligible effect. The data of the present and our previous
studies show that both y-MSH peptides may be involved in
such functions as modulation of dopamine- and GABAergic
processes, regulation of pain perception and psychoactiva-
tion, probably by acting as endogenous antagonists. We
suggest an important functional role of v-MSH peptides in

maintaining a balanced psychoactivation in normal and
pathological states mediated by their opposite actions at
least at the level of the dopaminergic mesolimbic systerm
How the interaction between melanocortinergic and nons
melanocortinergic systems can be realized remains to be
elucidated:
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