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SEZNAM POUZITYCH ZKRATEK

ACTH - Adrenokortikotropni hormon (Adrenocorticotropic Hormone)
AgRP — Agouti Related Peptide

ARC — Nucleus arcuatus

BMI — Index télesné hmotnosti (Body Mass Index)

BPTI — Hovézi pankreaticky inhibitor trypsinu (Bovine Pancreatic Trypsin Inhibitor)
BSA — Hovézi sérum albumin (Bovine Serum Albumin)

CART — Cocaine and Amphetamine Regulated Transcript

CCK — Cholecystokinin

CRH — Kortikoliberin (Corticotropin Releasing Hormone)

CNS — Centralni nervova soustava

DIO — Dietou vyvolana obezita (Diet Induced Obesity)

DMH — Dorsomedialni hypotalamus

ELISA - Enzymoimunochemické stanoveni (Enzyme Linked Immunosorbent Assay)
GIT — Gastrointestinalni trakt
HEPES - N-(2-hydroxyethyl)piperazin-N -(2-ethansulfonova kyselina)

ICV — Podani latek do mozkové komory (Intracerebroventricular neboli
intracerebroventrikuldrni podani)

IP — Nitrobfisni podani latek (Intraperitoneal neboli intraperitoneédlni podani)

LHA — Lateralni hypotalamus

MCH — Hormon koncentrujici melanin (Melanin Concentrating Hormone)

a-MSH - Hormon stimulujici a-melanocyty (a-Melanocyte Stimulating Hormone)

MSG — Glutamat sodny (Monosodium Glutamate)

NPY — Neuropeptid Y

NTS — Nucleus tractus solitarius

POMC - Pro-opiomelanokortin (Pro-opiomelanocortin)

PP — Pankreaticky polypeptid

PVN — Paraventrikuldrni jadro

PYY —Peptid YY

RIA — Radioimunochemické stanoveni (Radioimmunoassay)

SC — PodkozZni podani latek (Subcutaneous neboli subkutanni podani)

SEM — Stfedni chyba priméru (Standard Error of Mean)

TRH — Tyroliberin (Thyrotropin Releasing Hormone)

VMN — Ventromedialni jadro

WHO — Svétova zdravotnicka organizace (World Health Organization)

Dale jsou uzivany zkratky podle doporuc¢eni [UPAC-IUB [1].



1. UVOD

Obezita je zdvazné onemocnéni, které vyrazn€ zkracuje Zivot. Je nejrozSifend)si
metabolickou nemoci na svété s trvale vzestupnym trendem vyskytu. V patogenezi tohoto
onemocnéni se uplatiiuji vlivy genetické a vlivy prostfedi. Oba vlivy se pfitom mohou
projevovat v regulaci chuti k jidlu. Nadbyte€ny pfijem energie, ktery je zpisoben snadnou
dostupnosti velmi chutné a energeticky bohaté stravy, a soucasny zpilisob Zivota, ktery vede
k minimalizaci télesné aktivity, zpiisobuji obezitu.

Regulace pfijmu potravy je slozity proces, ktery je ovliviiovan hormondlnimi
a metabolickymi signdly z periferie, hormonalni regulaci na drovni hypotalamu, skladbou
potravy a také psychikou daného jedince. Pfijem potravy ovliviiuje celd fada latek, napf.
hormon produkovany tukovou tkani leptin, neuropeptid cholecystokinin, neuropeptid Y,
peptidovy neurotransmiter CART (cocaine and amphetamine regulated transcript) atd.

Systém, ktery kontroluje regulaci pfijmu potravy, obsahuje silné mechanismy proti
podvyzivé a slabé proti piejidani. Vychazi to z historie preziti lidstva. Slabi jedinci umirali
a prezivali ti, ktefi me€li geny pro ukladani energetickych zasob. Obrana pied nadbyte€nym
pfijmem energie v minulosti nikdy nebyla nutna. V dne$ni dob¢ je boj proti obezité bojem

proti mechanizmiim, které tisice let chranily lidstvo pfed vymienim.

1.1. OBEZITA

Obezitou nazyvame piebytecné nahromadéni tukové tkané v organizmu.
Je zptisobena dlouhodobou pozitivni energetickou bilanci, tj. vice energie se pfijima nez
vydava, a takto vznikajici pfebytek se ukladd v tukovych rezervach. Procento tuku
v lidském organizmu byva vyssi u Zen nez u muzt [2].

Dfive byla obezita poklddana za pifevazné esteticky a spoleCensky problém,

v poslednich desitiletich se ukazalo, Ze pfedstavuje na prvnim misté zdvazny zdravotni

problém, Ze zkracuje Zivot a je doprovdzena celou fadou riznych komplikaci
znepiijemiujicich Zivot [3].
V minulosti se k 1é¢bé obezity vyuzivalo mnoha latek (tyroidalni hormony T3 a Ty,

dinitrofenol, amfetamin, fenfluramin a fenylpropanolamin), ale ani jedna z nich nebyla



uspésna a bez vedlejsich ucinkd. V soucasné dobé jsou sibutramin (agonista serotoninu)
a orlistat (derivat inhibitoru lipasy) jedinymi schvalenymi latkami k 1é¢bé obezity [4, 5].

Prevalence obezity v poslednich 10 — 20 let ve vSech vyspélych svétovych zemich,
véetné Ceské republiky, stale stoupa. Oblasti s nejvys$sim vyskytem obezity jsou USA, celd
Evropa, zejména Velkd Britdnie; ostrov Mauritius, Austrdlie a Brazilie [6]. V roce 1997
byla prevalence obezity v Ceské republice 22,6 % umuzi a 25,6 % u Zen [7]. Obezita
rapidné roste i v mnoha rozvojovych zemich a zejména u mladistvych a déti [8].

Vzhledem k tomu, ze mnozstvi tuku v lidském organizmu se obtizné¢ méfi a liSi
se u lidi rizného véku, pohlavi a etnického ptivodu [2], byl k urCeni obezity zaveden tzv.
Body Mass Index (BMI) (tab. 1). Pfed vice nez sto lety jej definoval A. Quetelet jako

podil télesné hmotnosti v kg a druhé mocniny vysky v m’.

Tabulka 1. Klasifikace obezity podle WHO

Riziko komplikaci
BMI Kategorie obezity
méné nez 18,5 podvaha nizké
18,5-24,9 normalni vaha primérné
25-29,9 nadvaha mimé zvySené
30-34,9 obezita sttedné zvysené
35-39,9 velka obezita velmi zvySené
40 a vice klinicka obezita vysoké

1.1.1. P#iciny vzniku obezity [6]

e Nepomér mezi pfijmem a vydejem energie mize byt zpisoben:

a) nadmémym pfijmem energie: divodem nadmérného pfijmu energie je porucha
regulace pifijmu potravy fizena hypotalamem. Na nadmémém pfijmu energie
se podileji ivlivy prostfedi. Na vznik obezity ma velky vliv skladba potravy
a zastoupeni zakladnich Zivin — tukd, sacharidd a bilkovin. Z téchto Zivin ma
nejvétsi vyznam na vznik obezity nadmémy pfijem tukd, které maji sice vysokou
energetickou hodnotu (38 kJ/kg oproti 17 kJ/kg u bilkovin a sacharidi), ale malou
sytici schopnost.

b) nedostateénym vydejem energie: pohybova aktivita ovliviiuje celkovy energeticky

vydej: zaleZi na jejim typu, intenzité, délce trvani a trénovanosti jedince.



Geneticka dispozice: obezita je podminéna geneticky zhruba ze 40 — 50 %. Pokud
jsou ale oba rodie obézni, pravdépodobnost vyskytu obezity u jejich potomka
je asi 80 %.

* Hormondlni vlivy: pfedev§im sniZend funkce §titné 71azy (hypotyreéza) a zvySena
hladina hormonti kirry nadledvin. Oba tyto faktory a jiné (napf. nedostatek
estrogenu) maji také vliv na vznik obezity.

e Metabolické vlivy: obézni lidé nemusi konzumovat vice neZ ostatni, pfesto jsou

obézni. To mizZe byt zplisobeno mensi pohybovou aktivitou, ale i hormonalni
poruchou a genetikou.

e Léky: nékteré léky mohou zvySovat chut’ k jidlu (antidepresiva, psychofarmaka,
léky na uklidnéni, glukokortikoidy (hormony kiry nadledvin), gestageny

(hormonalni 1é¢ba u Zen).

1.1.2. Zdravotni komplikace p¥i obezité [6, 9]

e Diabetes mellitus II. typu (cukrovka), tj. rezistence k inzulinu

e ZvySend koncentrace cholesterolu a triglyceridii v krvi

e Kardiovaskuldmi onemocnéni: hypertenze (vysoky krevni tlak), aterosklerdza,
arytmie, nahla smrt, mozkové cévni piihody

e Neékteré typy nadori: rakovina tlustého stieva, prsu, ledvin, délozniho Cipku

¢ Gynekologické komplikace: poruchy cyklu, neplodnost, komplikace v te¢hotenstvi
a porodu, pokles délohy

Kozni komplikace: ekzémy, mykdzy, strie, celulitida a dalsi.

1.2. PRIJEM POTRAVY

Piijem potravy je Ccinnosti fizenou a je proto zdavisly na aktivit€ fidicich
hypotalamickych center sytosti a pfijmu potravy. Podle klasické definice: v lateralni Casti
hypotalamu je umisténo centrum hladu a je-li stimulovano, dochazi k nadmémému pfijmu
potravy; ve ventromedidlni ¢asti hypotalamu se nachazi centrum sytosti a je-li
stimulovano, organizmus odmitd pfijem potravy [10]. Dnes se ale jiz vi, Ze cely proces

je komplikovanéjsi a centra jsou mnohocetna a propojena.



Kromé vlivii genetickych a zevniho prostfedi je pfijem potravy dilezitym faktorem,
ktery ovliviiuje zdravi ¢lovéka a jeho télesnou hmotnost. Pfijem potravy je uspokojeni
chuti k jidlu, které probihda v pribéhu jidla a vede k jeho ukonceni. Je dén jidelnimi
zvyklostmi a preferencemi. Piejidani vede ke zvySenému piijmu energie. Sytost je stav,

ktery brani dalSimu pfijmu potravy a objevuje se jako dtisledek pfijmu potravy [3].

1.2.1. Poruchy p#ijmu potravy
Mezi poruchy pfijmu potravy patii mentdlni anorexie a mentdlni bulimie.
Mentélni anorexie je charakterizovand imyslnym snizovanim télesné hmotnosti. Mentdlni

bulimie je charakterizovand opakujicimi se zachvaty pfejidani [11].

1.2.2. Regulace pFijmu potravy

Pfeziti vSech organizml zalezi na schopnosti efektivné si zajistit, vyuzit
a konzervovat energii. U savcl, véetné lidi, se vyvinul systém k zajisténi stalého pfisunu
energie k burikdm 1 pro obdobi pferuseného pfijmu potravy (b&€hem spanku, hladovéni,
nemoci). Pfi kazdém jidle konzumujeme vice kalorii, neZ je nutné pro metabolické
potfeby. Zasoby jidla jsou uklddany v tukové tkani, ktera je endokrinnim organem
zapojenym v regulaci pfijmu potravy a disponuje neuroendokrinnimi a metabolickymi
mechanizmy chranicimi pfed energetickymi ztratami vznikajicimi pfi hladovéni. Tyto
mechanizmy mohou byt poSkozovéany piejidanim a vysokotucnou stravou, ale i pfisnymi

dietami a hladovénim [3].

1.2.3. Centrilni mechanizmy regulace pfijmu potravy

1.2.3.1. Hypotalamus

Hypotalamus zabezpecuje integracni kontrolu Cinnosti autonomniho nervového
systému a endokrinniho systému. Cinnost hypotalamu je spojovana s fizenim zakladnich
zivotnich funkci, které udrzuji stdlost vnitiniho prostfedi organizmu: homeostizu —
regulace teploty téla, hospodafeni s vodou, regulace srde¢ni ¢innosti, krevniho tlaku nebo
aktivity gastrointestindlniho traktu (GIT) a s fizenim ur¢itych emocnich projevii chovani
(napf. zufivost, vztek...) [12]. Hypotalamus hraje dileZitou roli ve sloZitém fizeni chuti

k jidlu, hladu a télesné hmotnosti.
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Obr. 1. Schéma mozku:

Hypotalamus je hlavnim centrem
kontroly prijmu potravy a obsahuje
tato dulezita jadra ovlivaujici pFijem
potravy: ARC — nucleus arcuatus,
VMN — ventromedialni jadro, DMN —
dorsomedialni  jadro, PVN -
paraventrikularni  jadro, LHA -
lateralni hypotalamus. Ostatni casti

mozku nesouvisi s mym tématem,

a proto nejsou uvedeny jejich zkratky
[10].

1.2.3.1.1. Jddra hypotalamu

Pojem ,jadro*“ zde znamena oblast, kterd je tvofena neurony a je vizudlné
rozliSitelnd. Rozeznavame jidra prfedniho, stfedntho a zadniho hypotalamu. Nejvétsi
pozornost bude nize vénovana pouze jadrim stfedniho hypotalamu, nebot’ nejvice

ovliviiuji pfijem potravy.

Jadra stredniho hypotalamu

vvvvvv

potravy. Je lokalizovdn na spodin€é hypotalamu po obou stranich tfeti mozkové komory
(obr. 1). V ARC se nachazeji receptory pro fadu latek ovliviiyjicich pfijem potravy: pro
leptin, inzulin (obr. 2), kortizol, estrogen, riistovy hormon a dal$i [13]. Je také tvofeno
receptory pro kyselinu y-aminomdselnou a glutamat. Toto jadro dale obsahuje tzv.
primarni neurony souvisejici s regulaci pfijmu potravy: neurony AgRP/NPY (AgRP —
agouti related peptide, NPY — neuropeptid Y), které produkuji hormony zvysujici chut
k jidlu a neurony POMC/CART (POMC - pro-opiomelanokortin, CART - cocaine and
amphetamine regulated transcript), které produkuji hormony s opa¢nym ucinkem [10, 14].
Leptin a inzulin stimuluji sekreci a expresi neuroni POMC/CART a potlacuji sekreci
a expresi neuroni AgRP/NPY (obr. 2). Léze ARC (tj. zniené buiiky v ARC) vedou

k rozvoji obezity.
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Déle mezi jadra stfedniho hypotalamu patfi ventromedidlni jadro (VMN),
dorsomedidlni jddro (DMN) a laterdlni hypotalamus (LHA) (obr. 1). Selektivnim
poskozenim VMN (centra sytosti) dojde k hyperfagii (pfejidani) a naslednému rozvoji
obezity. LHA (centrum hladu) se li§i od vétSiny hypotalamickych jader tim, Ze jeho
poSkozeni zplsobi hypofagii (sniZzeni pfijmu potravy), a tudiz klesa i télesnd hmotnost
[10].

Kromé primdrnich neuronti v ARC existuji i tzv. sekunddrni neurony, které nejsou
v ARC a také ovliviiyji regulaci pfijmu potravy. Sekundarni neurony se nachazeji mimo

jiné v téchto mozkovych oblastech: paraventrikularni jadro (PVN) a LHA [10].

1.3. PEPTIDY OVLIVNUJICIi PRIJEM POTRAVY

Mezi orexigenni latky (latky, které zvySuji chut’ k jidlu) fadime neuropeptid Y
(NPY) — pusobi kratkodobé a centralné, galanin, endogenni opioidy (B-endorfin, dynorfin
a enkefaliny), hormon koncentrujici melanin (MCH), hypokretiny neboli orexiny,
noradrenalin, agouti related peptide (AgRP), ghrelin a dalsi [10, 12].

Anorexigenni litky naopak potlacuji chut kjidlu. Patfi sem leptin — plisobi
dlouhodobé a centralné, hormon stimulujici a-melanocyty (a-MSH), tyroliberin (TRH),
peptid cocaine and amphetamine regulated transcript (CART) — pisobi kratkodobé
a centrdlng€, pro-opiomelanokortin (POMC), kortikoliberin (CRH), interleukin 1-B,
cholecystokinin (CCK) — ptisobi kratkodobé a periferné, inzulin — pisobi dlouhodobé
a periferné, bombesin, neuromedin B, glukagon, amylin, somatostatin, enterostatin,

peptid YY (PYY) a dalsi [10, 12].
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Obr. 2. Model popisujici signdly ovliviiujici pFijem potravy: signaly z tukové tkané jsou
hormony, jejichz hladiny jsou pFimo umérné télesné hmotnosti a obsahu tuku v organizmu
(leptin a inzulin). Jejich receptory se nachazeji v hypotalamu v ARC. Signaly sytosti jsou
vytvareny v GIT béhem pFijmu potravy a poskytuji informaci o mechanickych (pruznost
aobjem Zaludku) a chemickych (uvolnéni cholecystokininu aj.) viastnostech prijmu
potravy. Signaly jsou pFenaseny pres nervus vagus a sympatické nervy do casti mozkového
kmene nazvaného nucleus tractus solitarius (NTS). V mozku pak nervové drahy spoji
informaci z NTS a nékolika hypotalamickych jader (ARC, PVN, LHA) k indikaci pFijmu
potravy a vydeji energie [10].

1.3.1. Leptin

Vyskyt, viastnosti, struktura

Nézev leptinu pochdzi od feckého slova ,.leptos®, coz znamena tenky, $tihly [15].
Objev leptinu, produktu ob genu, byl v roce 1994 jeden z nejvyznamnéjSich objevii
v oblasti regulace pfijmu potravy [16]. Mutace ob genu u tzv. ob/ob mysi vede k morbidni
obezité, ktera je spojena s hyperfagii [16]. Ob/ob mysi nejsou schopny produkovat leptin,
maji rezistenci k inzulinu (a tim sniZenou schopnost inzulinu stimulovat utilizaci glukosy)
a jsou neplodné. Po podani leptinu ob/ob mysSim dosSlo k upravé téchto fenotypickych

odchylek a také ke sniZeni jejich hmotnosti [17].
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Leptin (obr. 3) je hormon tvofeny buiikami tukové tkané — adipocyty, ale v mensi
mife i placentou. Obecné se pfedpoklada, Ze leptin signalizuje do mozku z tukové tkané
nadmérné hromadéni zdsob energie a Ze mozek dé signdl ke sniZeni pfijmu potravy
a zvySeni energetického vydeje, ¢imZ je branéno vzniku obezity [17].

Leptin patfi do rodiny hematopoetickych cytokinl. Zabrariuje steatéze (ztunéni)
organi [18]. U obéznich jedincil nastane steatdza jater, kdyz se vycCerpd kapacita tukovych
bunék k ukladdani tuku.

Podle vySe uvedeného leptin vyrazné ovliviiuje pfijem potravy. Leptin tvofeny
v tukové tkani je pfendSen pies hematoencefalickou bariéru do centralni nervové soustavy
(CNS), kde ovliviiuje expresi a sekreci fady orexigennich (napf. NPY) i anorexigennich
peptidi (napf. zvySuje hladiny peptidi CART), coz vede k poklesu piijmu potravy.
V hypotalamu leptin ovliviiuje sekreci dal$ich hormoni ovliviiyjicich pfijem potravy jako

napi. CRH, POMC, orexiny, MCH a melanokortiny [19].

Obr. 3. Struktura leptinu:
Leptin obsahuje 167
aminokyselin a jeho molekulova

hmotnost je 16 kD [20].

Receptory pro leptin

V roce 1995 byly identifikovany receptory pro leptin (Ob-R) [21]. Existuji tyto
formy receptori pro leptin: tzv. dlouhd forma (Ob-Rb) se nachdzi v mozku, zejména
v hypotalamu a NTS, a je zodpovédna za signalizaci do buriky; tzv. krdtké formy (Ob-
Ra, Ob-Rc, Ob-Rd a Ob-Re) se podileji na transportu leptinu do tkani a udrzuji jeho
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setrvalé hladiny v organizmu [22]. Receptory pro leptin jsou v hypotalamu soustfedény
v oblastech, které hraji velkou roli v pf{jmu potravy, tedy v ARC, VMN, PVN a DMN.
Nejvyssi koncentrace leptinovych receptorti u mysi nalezneme v plicich a ledvinach
[17]. Niz8i koncentrace receptorti jsou v srdci, jatrech, sleziné, pficné pruhovaném svalstvu
a mozku. U lidi je nejvyssi koncentrace leptinovych receptori v srdci, jatrech, tenkém

stfeve, prostaté a ovariich. Niz$i koncentrace jsou v plicich a ledvinach.

Leptin a obezita

U ob/ob mysi, které maji nedostatek leptinu, se po aplikaci leptinu snizila jejich
hmotnost. Naproti tomu hladiny leptinu jsou u vétSiny obéznich lidi zvySeny vzhledem
k obsahu tuku v organizmu a jeho podani obéznim osobam nevede ke sniZeni jejich
hmotnosti [23]. Nefunkénost leptinu miZe byt zpisobena jeho nedostateénym transportem
pfes hematoencefalickou bariéru. Dal§im diivodem mize byt rezistence k leptinu, coz

znamena, Ze signalizace leptinu do buriky je poskozena [24].

1.3.2. Cholecystokinin

Vyskyt, viastnosti, struktura

Cholecystokinin (CCK) byl objeven v roce 1928 Ivym a Oldbergem [25]. V roce
1973 Gibbs a jeho spolupracovnici poprvé oznacili CCK za latku, ktera ovliviiuje sytost
a snizi ptijem potravy, kdyZ je podana periferné [26].

CCK je jeden z peptidu, které hraji dileZitou roli v regulaci kratkodobého piijmu
potravy. Je to neuropeptid, ktery se nachdzi v mozku a GIT, md tedy funkci centralni
a periferni.

V periferii je CCK lokalizovdn ve sliznici duodena a jejuna [27, 28], kde
se vyskytuji endokrinni buriky produkujici CCK (tzv. I buriky). Naplnéni Zaludku vede
k uvolnéni CCK, ktery inhibuje vyprazdiiovani Zaludku. Tim dochdzi k pocitu sytosti
a k tlumeni chuti k jidlu [29]. CCK stimuluje sekreci amylasy v pankreatu a lehce tlumi
Zaludecni sekreci. CCK se krvi dostava do Zluéniku, kde ptisobi kontrakce a také zvySuje
pohyblivost tlustého stieva [30].

CCK v mozku plni funkci neurotransmiteru. Mozkova kira, amygdala,

hippocampus a septum vykazovaly vétsi koncentrace CCK [27, 28]. Zna¢né mnoZstvi
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CCK se také nachdzi v hypotalamu a dorsdlnim zadnim mozku. Jeho ucinek v CNS mad
za nasledek sedativni a anxiogenni uéinek; ovliviiuje spanek (sedace), bolest (analgese)
a zlepSuje pamét’.

CCK se vorganizmu vyskytuje ve vice formach oznacenych podle poctu
aminokyselin [30]: CCK-58, CCK-39, CCK-33, CCK-22, CCK-8 (obr. 4) a CCK-4.
V periferii se nejvice vyskytuje CCK-8 a CCK-33. V CNS jsou pfitomny CCK-8 a CCK-4.

Asp-Tyr(SO;H)-Met-Gly-Trp-Met-Asp-Phe-NH,

Obr. 4. Primdrni struktura oktapeptidu cholecystokininu (CCK-8)

Receptory CCK

Rozlisujeme dva druhy receptori CCK: CCK, (CCK;) a CCK3p (CCKj3). Receptor
CCKa se nachazi hlavné v periferii v GIT (,,A* jako ,,alimentary* neboli zazivaci), ale také
byl detekovdan v mozku v NTS v mozkovém kmeni, hypotalamu, v oblasti postrema
a dorsomedidlnim hypotalamu a obsahuje jej i nucleus accumbens [28, 31]. Receptor
CCKp se vyskytuje v celém mozku (,,B“ jako ,brain“ neboli mozek), jeho nejvétsi
koncentrace je v mozkové kife [28].

Nejznaméj§i antagonista specificky pro receptor CCKa je devazepid neboli
L364,718 a pro receptor CCKp je to L365,260 [32, 33]. Uéinek na piijem potravy
aucinky CCK- 8 v periferii souvisi s receptory typu A, zatimco receptor CCKp souvisi
s chovanim typickym pro sytost (sedace, analgese) [33]. Bylo zji§t€éno, Ze podéni
devazepidu samotného vede ke vzristu piijmu potravy u potkanii [32]. Uginek exogenng
podaného CCK na pfijem potravy je blokovan antagonistou receptoru CCK, devazepidem

a ne antagonistou receptoru CCKp L365,260 [33].
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1.3.3. Peptidy CART

Vyskyt, vlastnosti, struktura

V roce 1981 Spiess a jeho spolupracovnici poprvé identifikovali fragment peptidu
CART (cocaine and amphetamine regulated transcript) v hypotalamu [34]. Téméf o 15 let
pozdeji (v roce 1995) Douglass a kol. zjistili, ze nucleus accumbens vykazoval zvySenou
expresi mRNA peptidu CART po podani kokainu a amfetaminu (dle toho také vznikl
nazev peptidu) [35]. Proteinovy produkt této mRNA obsahoval sekvenci objevenou
Spiessem [36]. V roce 1998 byl popsan ucinek peptidi CART na pfijem potravy. Bylo
zjisténo, Ze podani peptidi CART centralné ptisobi sniZeni pfijmu potravy jak u sytych, tak
1 u hladovych hlodavci [37].

Peptidy CART jsou neurotransmitery, které ovliviiuji fadu fyziologickych procesi:
snizuji pfijem potravy, ovliviiuji stres (anxiogenni ucinky) a endokrinni regulaci (napf.
metabolizmus v pankreatu) [36].

Peptidy CART jsou pfitomné v CNS a v periferii. Peptid CART je jeden
v riznych koncentracich. V periferii se nachdzi v endokrinnich tkanich (v dfeni nadledvin
a Langerhansovych ostriivcich) a v travicim traktu [38]. Role peptidi CART v periferii
neni pfili§ objasnéna. Bylo pouze zjisténo, ze peptid CART v periferii stimuluje
pankreatickou sekreci amylasy u potkanti. Jeho ucinek byl blokovan antagonistou
receptoru CCK, pouze in vivo, nikoliv in vitro [39]. Aplikace peptidi CART do tfeti
mozkové komory zpiisobuje sniZeni pfjmu potravy [37, 40, 41]. Uginek peptidti CART je
kratkodoby (v zdvislosti na ddvce né€kolik hodin po jejich poddni do mozku). SniZena
konzumace potravy mtize byt pozorovana jiz 10 min po injekci peptidi CART [38]. Vyssi
davky peptidit CART zptisobuji tfes [42].

Bylo zji§téno, Ze u mysi s inaktivovanym genem (déle jen knockout) pro peptidy
CART je obezita navozena pouze vysokokalorickou stravou (po standardni strave tyto
mysi netloustly). To naznacuje, Ze peptidy CART se podileji na regulaci energetické
homeostazy [43], ale samy o sobé& nejsou pro regulaci pfijmu potravy zcela nezbytné.

Existuje dlouha (102 aminokyselin) a kratka (89 aminokyselin) forma peptidd
CART, pfi¢emz jejich C — konec je stejny u obou forem. U krys a u mysi se vyskytuje
dlouhd a kratka forma, zatimco u lidi pouze kratka [40, 42].
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Mezi nejvice zkoumané piirozené fragmenty peptidi CART patii peptid CART
(55 - 102) a peptid CART (61 — 102) (obr. 5). Obé formy vykazuji biologickou aktivitu
(vSechny ucinky popsané vyse) [44].

Obr. 5. Struktura peptidu CART:
peptid CART (55 — 102) a peptid
CART (61 — 102) obsahuji

6 cysteinovych zbytku s disulfidovymi
vazbami I - III, I - V a IV - VI [40)].

Receptory peptidii CART

Receptor pro peptidy CART jesté nebyl identifikovdn. Zatim byla popsana
specificka vazba peptidi CART na primarich mySich hypotalamickych burikach,
potkanich jaternich karcinomovych burikach HepG2 [45], na mysich burikdch z karcinomu
hypofyzy AtT20 [46] a potkanich burikach z karcinomu nadledvin PC12 [47].

Peptidy CART ve vztahu k ostatnim hormoniim

NPY je nejzndméj$im stimulatorem pfijmu potravy. Existuje interakce mezi NPY
a peptidy CART. Bylo dokdzédno, Ze peptidy CART blokuji orexigenni ti¢inek NPY. [48,
49].

Exprese mRNA peptidu CART v ARC je regulovana leptinem [50]. KdyZ obéznim
ob/ob mysim (tyto mysi nejsou schopny produkovat leptin) byl podavéan leptin po dobu
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10 dnii, mély poté vyrazné sniZeny pfijem potravy a exprese mRNA peptidu CART v ARC
byla znovu obnovena [37].

Mezi dalSimi dtlezitymi hormony, které by mohly souviset s ucinky peptidi
CART, je CCK. Bylo zjisténo, ze velka ¢ast neurond peptidi CART v nervu vagu také
obsahuje receptor CCK, [13, 51].

1.3.4. Neuropeptid Y

Vyskyt, vlastnosti, struktura

Neuropeptid Y (NPY) je neuropeptid objeveny v CNS. Jeho jméno vychazi
z tyrosinu na N- a C- konci (symbol Y) (obr. 6). Poddni NPY do tfeti mozkové komory
zpusobuje v zavislosti na davce velkou a dlouhotrvajici stimulaci pfijmu potravy. Injekce
NPY je jesté ucinnéjsi, kdyz je podan do paraventrikularniho jadra [52].

Neuropeptid Y je ze zndmych peptidi nejmohutnéjSim stimuladtorem piijmu
potravy. Déle zlepSuje pamét, pisobi proti stresu a jeho centrdlni podani sniZuje krevni
tlak [53]. Vyskytuje se v perifernim a centralnim nervovém systému. Strukturné patfi do
skupiny pankreatickych polypeptidl; k nim fadime také peptid YY (PYY) a pankreaticky
polypeptid (PP) v periferii.

V periferii se NPY nachdzi v sympatickych neuronech a v nadledvinovych
chromafinovych burikdch. Periferni podani NPY snizuje sekreci inzulinu [52].

NPY je ucinnéjsi v CNS nez v periferii. V mozku se vyskytuje v t€chto astech:
mozkova kira, mozkovy kmen, hypotalamus, amygdala, hippocampus a talamus [54].
Utinek NPY je ovliviiovan leptinem a inzulinem; viechny tii hormony se nachézeji mimo
jiné v ARC. Je znamo, ze pokud jsou hladiny leptinu a inzulinu zvySeny, syntéza NPY je
potlaCena a pfijem potravy je sniZen [53].

Utinek NPY dale ovliviiuje w¢inky CCK a peptidi CART. Bylo zji§téno,
Ze kombinace CCK a NPY zplsobuje sniZeny pfijem potravy oproti samotnému NPY
u potkanid. Peptidy CART potlacuji zvySeny ptfijem potravy zplisobeny NPY [55]. Vztah
peptidi CART a NPY byl dokdzén v hypotalamu histochemicky [56].

U geneticky obéznich (0b/ob) a geneticky diabetickych (db/db) mysi NPY zvysil
pfijem potravy [57]. NPY knockout mySi maji normalni hmotnost a mnozstvi tuku. Tyto
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mysi nevykazovaly zvySeny pfijem potravy ani narist hmotnosti v Zddném dosud zndmém

modelu obezity (tedy ani v pfipadé chemicky nebo dietou vyvolané obezity) [58].

Obr. 6. Struktura NPY

NPY je peptid skladajici se z 36
aminokyselin. NPY ma v N- a C-
konci tyrosin [59].

Receptory NPY

Receptory NPY patii do skupiny receptorti spfaZzenych s G-proteiny. Maji fadu
fyziologickych funkci, podileji se napf. na regulaci krevniho tlaku, ovliviiuji pfijem
potravy a zlepSuji pamét. Je identifikovano celkem Sest typu receptorti: Y1, Y2, Y3, Y4, Ys
a Y. Ne vSechny z téchto receptorti reguluji piijem potravy. Podle souasnych znalosti je
orexigenni u¢inek NPY zprostfedkovan receptory Y; a Ys. Oba dva receptory se nachazeji
v CNS. V periferii se receptor Y, vyskytuje v cévach, kde zptisobuje jejich zuZeni. NPY
a PYY maji vysokou a PP nizkou afinitu k receptorim Y, a Y5 [53, 60].

1.4. ZVIRECIi MODELY

Uziti zvifat jako biologického modelu je jednou zvyznamnych slozek
biologického, 1ékaiského, veterindrniho a farmakologického vyzkumu. Umoziiuje ziskavat
poznatky pro hodnoceni riznych biologickych déji, zakonitosti, vztahi a ucinkd latek
do biologickych déjii vstupujicich.

Laboratorni zvifata z hlediska genetického rozliSujeme na dva zdkladni typy:
geneticky definovand (izogenni) a geneticky nedefinovand (neizogenni) laboratorni

zvitata. Mezi geneticky definovana zvifata patii mimo jiné kmen inbredni, ktery vznika
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jako produkt piibuzenské plemenitby mezi bratrem a sestrou po vice nez 20 generaci.
U inbrednich kmenti je genetickd totoznost vSech jedinc, miZeme ocekdvat
homozygotnost ve vSech pokusech. Mezi neizogenni zvifata patfi outbredni linie, coz je
parici se skupina zvifat geneticky heterogenni s cilem minimdlni moZnosti pfibuzenské

plemenitby [61].

1.5. MODELY MYSIi OBEZITY

1.5.1. Ob/ob mysi

Diky tomuto modelu byl identifikovan leptin. Tyto mysi se rodi s normalni porodni
hmotnosti a obezita se u nich rozvine v disledku hyperfagie jiZ po narozeni. Maji velké
mnozstvi bilé tukové tkan€, hyperinzulinemii a nejsou schopny produkovat leptin.
Podavani rekombinantniho leptinu témto mySim vede k upravé vSech fenotypickych

odchylek a také ke sniZeni jejich hmotnosti [62, 63].

1.5.2. Db/db mysi

U té€chto mysi je typickym rysem diabetes mellitus II. stupné€ a rozvinutd obezita.
Db/db mysi, na rozdil od ob/ob mysi, maji zvySené hladiny leptinu. Pfi¢inou obezity u nich
je nefunkéni leptinovy receptor, a tudiz poddvéni leptinu témto mySim neovlivni jejich

fenotyp [63].

1.5.3. Obézni agouti mysi

Obezita je u nich zplisobena mutaci genu kddujiciho agouti protein a jejim
disledkem je zvySena exprese tohoto genu v fadé tkani. Jsou rezistentni k inzulinu (maji
vysoké hladiny inzulinu neboli hyperinzulinemii). Tyto myS$i maji Zlutou barvu srsti, ktera
je pfimo umeérnd stupni obezity. Mechanizmus vzniku obezity je dan interakci agouti

proteinu s melanokortinovymi receptory typu MC4 (MC4 receptor je blokovan) [62].

1.5.4. Geneticky modifikované modely mys$i obezity
Existuje celd fada geneticky modifikovanych mySich modeli obezity, hlavné
s chybé€jicimi anorexigennimi peptidy ¢i jejich receptory. Tyto mySi maji zvySeny obsah

tuku a u vétSiny z nich je obezita dusledkem hyperfagie [64].
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1.5.5. Chemicky vyvolana obezita

Sem fadime mimo jiné obezitu vyvolanou glutamatem sodnym (MSG). Subkutdnni
(SC) neboli podkozni injekce MSG novorozenym mysim zpisobuje 1ézt v oblasti ARC
v hypotalamu [65]. Jak jiz bylo vySe diskutovdano, v ARC se vyskytuji latky ovliviujici
pfijem potravy. PoSkozeni tohoto jadra zpusobi tézkou obezitu. Mysi, jejichZz obezita
je vyvoland MSG (dale jen MSG mysi), se vyznacuji zmenSenim oblasti ARC, rozsifenim
tfeti mozkové komory a zizenym eminentia mediana [66]. Bylo zji§téno, Ze celkovy pocet
neuroni v ARC u MSG mysi byl o 75 % nizs§i nez u kontrolnich mysi, zatimco MSG
neovlivnil pocet neuronti v dalSich oblastech mozku [67]. MSG snizuje hladiny mRNA pro
NPY a AgRP a ni¢i neurony NPY/AgRP [66].
MSG model mysi obezity je hodné podobny db/db mySim. Db/db mysi maji zvySené
koncentrace leptinu v krvi stejné jako MSG mys$i. MSG mysi byvaji asi o 10 % mensi nez
kontroly a jsou neplodné [65].

1.5.6. Dietou vyvolana obezita (DIO)

DIO (Diet Induced Obesity) neboli dietou vyvolana obezita je velmi podobna lidské
obezité. Mysi, jejichZz obezita je vyvoland vysokotuénou stravou (ddle jen DIO mysi),
se stanou obéznimi po dlouhodobém krmeni potravou se zvySenim obsahem tuku. Po této
dieté jsou rezistentni k leptinu a hyperglykemické [68].

Hladiny leptinu jsou pfimo umérné obsahu tuku v organizmu. Po dlouhodobé
konzumaci vysokotuéné stravy dochazi k poruSe regulace leptinu (pravdépodobné
na urovni signalizace leptinovych receptorti do buriky) [69].

Obezita navozena vysokotucnou dietou je zdvisld na typu zvifeciho kmene [70, 71].
Po 15 — 19 tydnech podavani vysokotuéné diety dochazi nejprve k vzrustu produkce
leptinu a pak k periferni leptinové rezistenci, tj. ackoliv jsou hladiny leptinu v periferii
vysoké, mozek nedostava signdl, ktery by vedl ke snizeni pfijmu potravy a vysokotu¢nou

dietu kompenzoval [68].
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2. CILE DIPLOMOVE PRACE

Jednim zcili této diplomové prace je sledovat ucinky peptidu CART,
cholecystokininu a NPY na pfijem potravy u normadlnich a obéznich mysi. Konkrétné
to znamenalo:

e Zavedeni modelu obezity u mysi: obezity vyvolané glutamatem sodnym
(MSQ) a dietou vyvolané obezity (DIO)

e Studium pfijmu potravy u normalnich a obéznich (MSG a DIO) mysi: vySe
jmenované latky se podavaly bud’ centraln€ neboli intracerebroventrikularné
(ICV), nebo periferné, tedy intraperitonealné (IP), podle mista svého tc¢inku

e Vyjasnit vzdjemny vztah peptidu CART a cholecystokininu u normélnich
mysSi

e Vyjasnit vztah peptidu CART a neuropeptidu Y a cholecystokininu

a neuropeptidu Y u normalnich a obéznich mysi

Dal§im cilem bylo porovnat vazbu '*I-CCK-8 na bunééné membrany
z mysich mozku:
e Porovnat pocet vazebnych mist a afinitu CCK-8 k receptoriim pomoci vazby

na bunééné membrany z mozki kontrolnich, MSG a DIO mysi
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3. MATERIAL

Fyziologicky roztok

Duracrol

Ketamin, xylazin

BSA

Bé&zné chemikalie

Complete

Glutamat sodny

Peptid CART (61 — 102)

CCK-8

Devazepid (Devazepide, 1L364,718)
NPY

'»1.CCK-8

Filtry GF/C

ELISA kit

(kit na stanoveni my$iho leptinu)
RIA kit

(kit na stanoveni mySsiho inzulinu)

Infusia, Hofatev, CR

Spofa - Dental, CR

Spofa, CR

Serva, Heidelberg, Némecko

Sigma, St. Louis, MO, USA

Roche Diagnostics, Penzberg, Némecko
Sigma, St. Louis, MO, USA

Bachem, Bubendorf, Svycarsko
NeoMPS, Strasbourg, Francie

Dar od ML Laboratories, Liverpool, Velka Britanie
NeoMPS, Strasbourg, Francie

Amersham Biosciences, Viden, Rakousko
Whatman, Maidstone, Velka Britanie
BioVendor, Brno, CR

Linco Research, St. Charles, MI, USA
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4. METODY

4.1. ZAVEDENI MODELU OBEZITY U MYSi

Pokusy na pfijem potravy byly provadény na dvou mySich kmenech: outbrednim
kmeni NMRI (chov Kondrovice, spole¢nost Bio Test, CR) a inbrednim kmeni C57Bl/6
(chov UMG, CR). Zvifata byla chovana v akreditovaném zvéfinci UOCHB AV CR pfi
teploté 22 + 2 °C, méla volny pfistup k potravé i piti a rytmus svétlo/tma byl 12/12 hodin.
Se zvifaty bylo zachazeno podle zdkona o ochrané zvifat proti tyrani (zdkon €. 246/1992

Sb.).

4.1.1. Kontrolni mysi
Jako kontrolni my$i ndm slouzily oba vySe zminéné kmeny bez podani jakékoliv
chemikalie krmené standardni dietou St-1 (Velaz, Kole¢, CR). Hmotnost my3i a piijem

potravy byly sledovany pravidelné€ jednou tydné.

4.1.2. Obezita vyvolana glutamdtem sodnym (MSG)

Pro tento model opét slouzily my$i kmeny NMRI a C57Bl/6. Novorozenym mySim
byl injektovdn glutamdt sodny (4 mg/g hmotnosti mysi za den) podkozn&€ (SC)
od 2. do 8. postnatdlniho dne. Tyto mysi mély stejnou standardni dietu jako kontroly.
Jejich potrava a hmotnost byly védzeny jednou tydné.

4.1.3. Dietou vyvoland obezita (DIO)

Jak NMRI, tak i C57Bl/6 mysi konzumovaly vysokotuénou dietu od 7. tydne vé€ku
(do 7. tydne v&ku byly na standardni dieté St-1). Vysokotu¢na dieta obsahovala 13 %
proteind, 27 % sacharidd a 60 % tukt [72]. Byla sloZena ze 40 % St-1, 34 % sunaru, 25 %
sluneénicového oleje a 1 % kukufi¢ného Skrobu [72]. I u téchto mysi byl pravidelné jednou

tydné sledovan jejich pfijem potravy a hmotnost.
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4.2. CHARAKTERIZACE MODELU OBEZITY U MYSI

4.2.1. Odbér a hmotnost orgdnii a krve/séra

Mysi byly po pokusu na piijem potravy rozdélené na hladové (hladovély 17 hodin
pred odebranim krve) a syté (mély volny pfijem potravy). Dva dny po pokusu na pfijem
potravy rano byly mySi usmrceny cervikdlni dislokaci abyla jim odebrana krev.
Z celé krve bylo po oddéleni krevniho kolace ziskdno sérum (centrifugaci 3000 x g, 15 min
pii 10 °C), které bylo uchovano pii — 20 °C.

Z mysi byly odebrany tyto organy: tuk, jitra a mozky. Abdomindlni (bfisni),
gonadalni (u pohlavnich organtl) a perirendlni (kolem ledvin) tuk byl spojen a zvazen. Jéatra
byla odebrana, zvdZena a vizudlné byla zkoumadna jejich struktura. Mozky byly odebrany
na kontrolu, zda byly kanyly skute¢né zavedeny do tfeti mozkové komory. U MSG mysi

byla navic zméfena nasoandlni délka a délka ocasu.

4.2.2. Histologie mozku

Histologie mozku byla provedena u Sesti skupin: u kontrolnich, MSG a DIO mysi
(od kazdé skupiny samci i samice), v kazdé skupiné byly tfi mysi. Po anestezi (nitrobfi$ni
(ddle jen IP) injekce ketaminu/xylazinu: 100 mg/kg ketaminu, 16 mg/kg xylazinu)
probéhla perfuze 0,1 M fosfatovym pufrem, pH 7,4, obsahujicim 4% paraformaldehyd,
0,1% glutaraldehyd a 10% kyselinu pikrovou. Mozky byly odebridny a ulozeny do vyse
zminéného fixacniho roztoku na jednu noc pfi teploté 4 °C, poté byly inkubovany v 15%
roztoku sacharézy v 0,025 M fosfatového pufru, pH 7,4, 48 hodin pfi 4 °C. Pied fezdnim
byly mozky rychle zmrazeny v izopentanu (— 40 °C), poté byly umistény do kryostatu
(Reichert, Némecko) na 1 hodinu pfi —15 °C. Rezy mozku o tloustce 35 pm byly
provadény z celého hypotalamu, pfeneseny do studeného 0,1 M fosfatového pufru, pH 7,4,
naneseny na podloZni skla pokrytd poly-L-lysinem a barveny 0,1% roztokem kresolové
violeti. Rezy byly analyzovany ve svételném mikroskopu Leica DMLS s pouzitim atlasu
mys$iho mozku [73]. Reprezentativni fezy mozku byly zachyceny digitdlnim fotoaparatem
Canon (PowerShot S 40).

Histologii mozku provadéli Zdeno Pirnik, PhD. a RNDr. Alexander Kiss, DrSc.

z Ustavu experimentalni endokrinologie, SAV, Bratislava.
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4.2.3. Stanoveni biochemickych parametri v séru
Koncentrace leptinu v krevnim séru byly stanoveny pomoci ELISA kitu
a koncentrace inzulinu pomoci RIA kitu. Hladina glukosy byla zméfena glukometrem

(Glucocard, Arkray, Kyoto, Japonsko).

4.3. STANOVENI PRIJMU POTRAVY U MYSI

4.3.1. Zavedeni ICV kanyl

Tato metoda byla provedena podle Maletinské a kol. [47]. MySi byly béhem
operace v anestezi (IP injekce ketaminu/xylazinu: 100 mg/kg ketaminu, 16 mg/kg
xylazinu). Hlava mys$i byla fixovand ve stereotaxickém pfistroji a vnitini kanyla (Roanoke,
VA, USA) se zavedla do tfeti mozkové komory (AP (anterior posterior neboli pfedozadni)
2 mm od bregmy, V (vertikalni) 3 mm). Okolo kanyly byla aplikovand zubatska pryskytice
rozpusténa v duracrolu. Po ztvrdnuti pryskyfice se vsunula vnéjsi kanyla, aby se zabranilo
ucpavani (obr. 7).

Po operaci byly mysi tyden v klidu a mély volny pfistup k potravé a piti. Po tomto
obdobi se provadél pokus na piijem potravy.

Pii zavedeni kanyl do tfeti mozkové komory (ddle jen ICV) jsme spolupracovali

s RNDr. Renatou Haugvicovou, CSc. z Mikrobiologického dstavu, AV CR, Praha.

VnitFni kanyla zaveden4 do tFeti mozkové komory;
¢epi¢ka obsahuje vnéjsi kanylu

TGRSR T ey

Smw

*
\L“\

Obr. 7. Zavedeni ICV kanyly
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4.3.2. IP a ICV podani ldtek

CCK-8 (0,2 ml/my$ v davkach 0,4 — 40 pg/kg) a devazepid (0,2 ml/my$ v davce
1 mg/kg) jsou ucinnéjsi v periferii a byly podavany nitrobii$né (IP).

Peptid CART (61 — 102) (5 pl/mys v davkach 0,1 — 0,5 pg/mys) a NPY (5 pl/mys
v ddvce 5 pg/mys) jsou ucinnéjsi v CNS a byly podavény do treti mozkové komory (ICV).

4.3.3. Test pFijmu potravy

Tfi dny pfed pokusem mély mySi volny pfistup k potravé od 8:00 do 15:00 hod.
avnoci hladovély. K piti mély stile volny pfistup. Pfijem potravy byl méfen od 8:00
do 15:00 hod.

V den pokusu byly mysi bud’ hladové 17 hod (pro objasnéni vztahu peptidu CART
a CCK-8), nebo syté (pro objasnéni vztahu peptidu CART, CCK-8 a NPY). Kazda
koncentrace peptidu byla testovana alespon dvakrat na 6 — 8 mySich. Po 15 min od podani
latky se myS$im podala pfedem zvazena potrava a odeCet piijmu potravy se provadel
pravidelné po 30 min (ke konci pokusu pak pouze po 60 min) po dobu zhruba 7 hod.
Béhem pokusu mély mysi volny pfistup k vodé.

4.3.4. Vypodty a statistika

VSechny parametry jsou prezentovany v tabulkdch a grafech. Vysledky z pfijmu
potravy jsou vyhodnoceny v gramech pfijmu potravy. Ziskané hodnoty byly statisticky
zpracovany pro zjisténi smérodatnosti rozdili mezi skupinami ajsou uvedeny jako
priméma hodnota + stfedni chyba priméru (SEM). Statistika byla provddéna v programu
one-way ANOVA, po kterém pak nasledoval Tukey post hoc test. Hmotnosti mysi byly
hodnoceny v programu two-way ANOVA, ve kterém se hodnotily dva faktory: model mysi
obezity a tyden véku. Rozdily byly povazovany za vyznamné, pokud P < 0,05.

4.4. VAZBA 'PI-CCK-8 NA BUNECNE MEMBRANY Z MYSICH MOZKU

4.4.1. Odbér tkani

Mozky kontrolnich, MSG a DIO CS57Bl/6 mysi byly odebrany asi tyden

po ukonCeni pokusi na pfijem potravy a vloZzeny do fyziologického roztoku na ledu.

Mozkova kiira byla oddélena od celého mozku a dile se pracovalo pouze se zbytkem
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mozku obsahujicim stfedni mozek (v¢etné hypotalamu) a mozkovy kmen. Tkané byly poté

zvéazeny a ulozeny pfi — 70 °C az do dne, kdy se provadeéla izolace bunéénych membrén.

4.4.2. Izolace membran z mySich mozki
Bunééné membrany byly pfipraveny podle Reeve a kol. [74]. Celad izolace byla

provadéna pfi 0 — 4 °C. Pro izolaci byly pouzity tyto pufry:

e Homogenizaéni pufr

20 mM HEPES o pH 7,4 + 118 mM NaCl , 4,7 mM KCI, 5 mM MgCl,
e Izola¢ni pufr

20 mM HEPES o pH 7.4 + inhibitory proteas (tablety Complete).

1 tableta Complete / 50 ml izola¢niho pufru.

Izola¢ni pufr se pfipravil Cerstvé té€sné pred izolaci.

Postup:
Mnozstvi izolaéniho pufru pro celou izolaci bylo asi desetindsobkem hmotnosti

tkan€. V kddince s malym mnoZstvim izola¢niho pufru byla tkan nastfthdna na malé
kousky. Poté byla tkari homogenizovana v Potterové homogenizatoru pii stfedni rychlosti
6x. Ziskany homogenat byl umistén do centrifugy Jouan (typ C3i1/CR3i, Thermo Fisher
Scientific, Waltham, MA, USA), centrifugace probé&hla pii 1000 x g, 10 min, pii 4 °C.
Supernatant byl poté vlozen do ultracentrifugy Beckman (typ L8-55, Beckman, Kalifornie,
USA) s rotorem Ti55.2. Ultracentrifugace probéhla pifi 48000 x g, 15 min, pfi 4°C. Po
ultracentrifugaci byl supernatant slit a pelety byly rehomogenizovany v homogeniza¢nim
pufru v Potterové homogenizatoru pii stfedni rychlosti 3x. Homogenat byl znovu
ultracentrifugovan za vySe popsanych podminek. Po ultracentrifugaci byl supernatant slit
asediment byl znovu homogenizovan v homogenizaénim pufru v Potterové

homogenizitoru a uschovan pti — 70 °C v alikvotech.

4.4.3. Stanoveni mnoZstvi bilkovin

Homogenét z mozkovych membran byl pouzit pro stanoveni obsahu proteinti podle
Bradfordové [75]. Z kalibra¢ni kfivky s pouzitim hovéziho séra albuminu (BSA) jako
standardu byla odectena odpovidajici koncentrace a kone¢na hodnota pak byla uréena jako

pramér tfech koncentraci proteinu.
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4.4.4. Vazebné pokusy

Provadéli jsme kompeti¢ni vazebné pokusy. Vazebna radioaktivita neboli celkové
mnozstvi vazaného radioligandu B, je tvofeno specifickou (Bs,) a nespecifickou (Bpsp)
vazbou, B; = B, + Bns,. Specifickou vazbou rozumime vazbu na receptor, nespecifickd
vazba piedstavuje vSechna vazebnd mista riznd od receptoru. Specificka vazba je proto

urcena jako rozdil mezi celkovou a nespecifickou vazbou, Bsp = By - Bygp [76].

4.44.1. Kompetice

Pfi kompeti¢nim vazebném pokusu méfime za rovnovaznych podminek vazbu pfi
jediné konstantni koncentraci radioligandu v pfitomnosti rostouciho mnozstvi neznaceného
ligandu (kompetitoru). Koncentrace kompetitoru, pfi které je vyt€snéna polovina
vazebnych mist, se oznacuje ICsg. U kompeti¢nich pokusti mizeme ur€it pocet vazebnych
mist (Bmax) a afinitu ligandu k receptoru (K4) pouze v piipadé, ze radioligand a kompetitor
maji stejnou afinitu k vazebnému mistu [76]. Tuto podminku nase studie splituji, nebot’ je
znamo, ze jodace CCK-8 pomoci Bolton-Hunterova Cinidla neméni jeho biologickou
aktivitu [77]. O devazepidu to nelze fici, nebot’ jeho afinita k CCK receptoru typu B je jina
nez afinita '*’I-CCK-8 [77].

Rovnovadzna disociaéni konstanta kompetujiciho ligandu K; se vypocte podle
rovnice Chenga a Prusoffa [78]:

— ICSO
! 1+ [radioligand |
K d

K

kde ICsy je konstanta urend z experimentu a vypoctend v programu GraphPad Prism,
koncentrace radioligandu byla v naSem pfipadé 0,02 nM a K4 je rovnovazna disociacni
konstanta radioligandu, kterd je pro '*I-CCK-8 1,49 nM [79].

Bmax Vyjadfuje mnozstvi vazaného ligandu (pocet vazebnych mist) vztazené
na mnozstvi bunéénych membran, obvykle fmol/mg [76]. Pievod zcpm na fmol/mg
se provadi s pouzitim piepoétu radioaktivity Curie na 2,22.10'* dpm, &innosti detektoru
(v naSem pfipad¢ y detektor s ucinnosti 82 %), specifické radioaktivity ligandu (2190

Ci/mmol) a mnozstvi proteinu ve zkumavce (v nasem ptipadé 0,1 mg):

cpm
2,22x10" dpm/Ci x0,82 cpm/dpm x2190 Ci/ mmolx10™* mmol/ fmolx0,lmg

fmol [mg =
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Postup
Nejprve byla provedena zkouska optimélnich podminek na moréecich mozkovych

membréanach a poté na mysich. Na vazebné pokusy byly pouzity tyto roztoky:

e Vymyvaci pufr: 20 mM HEPES pH 7,4 + 118 mM NaCl, 4,7 mM KCl,
5 mM MgCl,. Tento pufr se pouziva k fedéni membran a peptidu.

e Vazebny pufr: 20 mM HEPES pH 7,4 + 118 mM NaCl, 4,7 mM KCI, S mM
MgCl, + inhibitory proteas (0,1 mg/ml BPTI, 0,1 mg/ml bacitracin
a 1 mg/ml BSA).

e Mozkové bunécné membrany (100 ug/250 ul)

o P1LCCK-8(0,02nM)

o CCK-8(10°-10"M)

e Devazepid (10° - 10° M)

Jako standard nam slouzily morCeci mozkové membrany. Podminky jsme
optimalizovali podle literatury, ktera popisuje vazbu CCK-8 na membriny z morcecich
membran z mozkové kiry [80]. Byly zkouSeny rizné koncentrace membran: 600 pg,
150 pg a 100 pg bilkovin o objemu 250 pl a riznd doba inkubace: 30 min, 60 min
a 90 min. Pokusy probéhly pii 22 °C. Jako optimalni podminky pro mysi mozkové
membrany byly shleddny nésledujici kombinace: 100 pg bilkovin o objemu 250 pl,
inkubace 60 min pfi 22 °C; za téchto podminek byly pokusy rutinné provadény.

Kazdé méfeni se provadélo v duplikdtech alespon tfikrat. Nejprve byl napipetovan
vazebny pufr, pak bud’ neznaceny peptid (v ptipadé stanoveni nespecifické vazby (NSB)
10°® M CCK-8), nebo vymyvaci pufr (pro stanoveni celkové neboli totalni vazby — T), déle
radioaktivné znaceny CCK-8 a v poslednim kroku bunééné membrany a tim reakce zacala
a probihala 60 min pii 22 °C. Po celou dobu inkubace byly zkumavky tfepany ve vodni
lazni. Filtry GF/C byly pfedem navlhéeny v pufru (10 mM HEPES pH 7,4 a 1 mg/ml
BSA). Inkubace byla ukoncena filtraci pfes GF/C filtry na pfistroji Brandel (Biochemical
and Development Laboratories, Gaithersburg, MD, USA). Radioaktivita byla zméfena
vy detektorem (Perkin Eimer, Wellesley, MA, USA) s ucinnosti 82 %.
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4.4.5. Vypolty a statistika

Naméfend experimentdlni data byla zpracovana a vypoltena pomoci
softwaru GraphPad Prism 3 (San Diego, USA). VSechny parametry jsou prezentovany
v tabulkdch a grafech. Ziskané hodnoty byly statisticky zpracovany pro zajiSténi
smérodatnosti rozdili mezi skupinami a jsou uvedeny jako primé€ma hodnota + stfedni
chyba priméru (SEM). Statistika byla provadéna v programu two-way ANOVA, ve kterém
se hodnotily dva faktory: pohlavi a model mysi obezity. Rozdily byly povazovany
za vyznamné, pokud P < 0,05.
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5. VYSLEDKY

5.1. CHARAKTERIZACE MODELU OBEZITY U MYSI

5.1.1. Obezita vyvolana glutamdtem sodnym (MSG)

MSG model mysi obezity byl charakterizovan u outbrednich NMRI a inbrednich
C57B1/6 mysi (obr. 8). MSG mysi se staly obéznimi, ackoli mély sniZeny pfijem potravy
(hypofagii) u samci z kmene CS57Bl/6 a linie NMRI, jejichZ obezita je vyvoland MSG
(dale jen C57Bl/6 nebo NMRI MSG samci) astejny pfijem potravy u samic z kmene
C57Bl/6 a linie NMRI, jejichZ obezita je vyvolana MSG (dile jen C57Bl/6 nebo NMRI
MSG samice) proti kontroldm (tab. 2).

Hmotnost MSG samcti byla stejna jako u kontrol, ale MSG samice vazily vice neZ jejich

kontroly (obr. 9). MSG mysi mély zhruba o 15 % kratsi télo a ocas nez kontroly.

Kontrola | MSG# o Kontrola MSG -

Obr. 8. Model mysi obezity: obezita vyvolana glutamdtem sodnym (MSG)
a) outbredni NMRI mysi, b) inbredni C57Bl/6 mysi

Tabulka 2. Priamérny denni pFijem potravy (g) u mys$i po poddni glutamatu sodného
(MSG) a kontrolnich mys$i. Hodnoty jsou vyjadrovany ve tvaru prumér £+ SEM. n = 10 - 25

mysi na skupinu

samci samice
NMRI kontroly 7,72 £ 0,76 6,49 + 0,67
MSG mysi 5,80+ 0,73 6,15+ 0,48
C57Bl/6 kontroly 4,07+0,16 3,96 £ 0,29
MSG mysi 3,62 + 0,23 3,75+ 0,30

33



50 |
B0 42 -
4
w2
=
g M
E
-
‘= 26
8 —a&— NMRI samci kontroly
) —&— N MR samcei MSG
181 —&— C57BIl/6 samci kontroly
—8— CS57BI1/6 samci MSG
10 - ‘ T r
3 6 9 12 15 18
Tyden véku

b)

50 { —&— NMRI samice kontroly
—_ —&— NMRI samice MSG i
=0 | —=—C57BU6 samice kontroty
- 42
8 e St s aanee MNG,
£
E M
=
\g '/./ T2
8 26 h o £ 2 2]
E ‘/‘- L
e

18 B

"
10 ‘ r ’ "
3 6 9 12 15 18
Tyden véku

Obr. 9. Hmotnosti outbrednich NMRI a inbrednich C57Bl/6 kontrolnich a MSG
mys$i: a) samci, b) samice. n = 10 — 15 mysi na skupinu pro NMRI an = 20 - 25
mys$i na skupinu pro C57BI/6. Signifikance je ""P < 0,01 a P < 0,001 pro MSG

samice vici kontrolnim samicim.
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5.1.2. Dietou vyvolana obezita (DIO)

DIO model mysi obezity byl charakterizovan u outbrednich NMRI a inbrednich
C57Bl/6 mysi. Tento model je velmi podobny lidské obezité, nebot’ obezita se vyvinula
v disledku vysokotucéné stravy, kterd obsahovala 60 % tuku. Tyto mysi byly po odstavu
nejprve na standardni dieté (St-1, 9 % tuku) a od 7. tydne véku byly krmeny vysokotuénou
dietou. DIO mysi jsme porovnavali s kontrolnimi, které byly od odstavu stdle na standardni
dieté¢ St-1. Hmotnost pfijaté potravy samci z linie NMRI, jejichZ obezita je vyvolana
vysokotu¢nou stravou (déle jen NMRI DIO samci) byla shodna s pfijmem potravy kontrol,
ale samice z linie NMRI, jejichZ obezita je vyvolana vysokotuénou stravou (déle jen NMRI
DIO samice), mély sniZeny pfijem potravy (tab. 3). U mysi z kmene C57Bl/6, jejichz
obezita je vyvoland vysokotucnou stravou (dile jen C57Bl/6 DIO mysi), byl pfijem
potravy téméf vyrovnany s pfijmem potravy kontrol, pouze C57Bl/6 DIO samci méli
pon€kud nizsi pfijem potravy (tab. 3). Ackoliv mély DIO mysi téméf totoZzny vahovy
pfijem potravy jako kontroly, energeticky piijem mély podstatné vyssi (tab. 3).

Hmotnost NMRI a C57Bl/6 DIO samcti byla srovnatelna s kontrolami. NMRI DIO samice
se vahové neliSily od jejich kontrol. C57Bl/6 DIO samice vazily vyznamné vice nez jejich

kontroly jiz od 12. tydne véku, tj. po 5 tydnech na vysokotucné dieté (obr. 10).

Tabulka 3. Primérny denni pFijem potravy (g) a odpovidajici energie diety (kJ)
u kontrolnich mysi a u mysi, jejichZ obezita je vyvoland vysokotuénou stravou (DIO

mysi). Hodnoty jsou vyjadrovany ve tvaru prumér + SEM. n = 10 — 25 mysi na skupinu

samci samice
7,00+ 045 ¢ 582+0,14 ¢
NMRI kontroly (99,67 + 6,74 kJ) (82,94 + 2,82 kJ)
734+0,54 g 453+0,16¢g
DIO mysi (163,01 + 8,61 kJ) (100,68 + 4,39 kJ)
407+0,23 g 3,48+0,14 g
C57Bl/6 kontroly (57,92 + 1,62 kJ) (49,62 + 1,29 kJ)
3,55£0,27 ¢ 3,14£0,23 g
DIO mysi (78,82 + 2,82 kJ) (69,69 + 2,96 kJ)
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Obr. 10. Hmotnosti outbrednich NMRI a inbrednich C57Bl/6 kontrolnich a DIO
mysi: a) samci, b) samice. n = 10 mysi na skupinu pro NMRI a n = 25 mysi na
skupinu pro C57BIl/6. Signifikance je 'P < 0,05a ~ P < 0,001 pro C57Bl/6 DIO

samice vuci kontrolnim samicim.
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5.1.3. Hmotnost odebranych organi
e Tuk

K urceni miry obezity u obou modeli mysi obezity byla odebrana bila tukova tkan.
Jak MSG, tak i DIO mysi nejvice akumulovaly subkutanni, abdominalni a gonadalni tuk.
NMRI MSG samice a samci akumulovali az 8x vice tuku nez kontroly; C57Bl/6 MSG
samci téméf 10x vice nez kontroly a samice dokonce az 13x vice. NMRI DIO samci
akumulovali 4x vice tuku neZ kontroly, samice téméf 2x vice; C57Bl/6 DIO samci 3x vice
tuku a samice aZ 6x vice nez kontroly. Z hlediska akumulace tuku je inbredni kmen
CS57Bl/6 nachyinégjsi k obezité nez outbredni linie NMRI (obr. 11).

U C57BlI/6 DIO mysi byl sledovan vliv vysokotu¢né stravy na vyvoj obezity
v prubéhu 16 tydnii. ZvySené mnozstvi bilé tukové tkané u téchto mysi bylo pozorovano
jiz v 8. tydnu podavani vysokotuéné diety. V dalSich tydnech diety se mnozstvi tuku stale

zvySovalo (obr. 12). Samice akumulovaly vice tuku nez samci od za¢atku podavani diety.
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Obr. 11. Pomér hmotnosti tuku k télesné hmotnosti outbrednich NMRI a inbrednich
C57Bl/6 mysi. MSG mysi a jejich kontroly byly v 16. tydnu véku. DIO mysi a jejich
kontroly byly ve 23. tydnu véku. n = 3 — 15 mysi na skupinu. Signifikance je "'P < 0,001

(mysi model obezity viici kontrolam).
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Obr. 12. Vyvoj obezity u C57Bl/6 DIO mysi v priubéhu vysokotuclné diety.
n = 3 — 15 mysi na skupinu. Signifikance je "'P < 0,001 (DIO model obezity

vuci kontrolam).

o Jitra

Jatra jsou nejvyznamnéj$im mistem syntézy mastnych kyselin a obezita je muze
nepfiznivé ovlivnit, proto byla jatra odebrana u obou modeli mysi obezity. Kontrolni mysi
meély zdrava jatra, kdezto u MSG a DIO mysi se objevila steatéza (ztuCnéni) jater. Jatra
téchto mysi méla houbovitou strukturu a hnédou nebo riizovou barvu (podle toho, zda byla
steatéza pocinajici nebo v pokrocilém stavu). Hmotnost jater MSG i DIO mysi byla
sniZena ve srovnani s kontrolami, ale u MSG mysi byl rozdil vyznamné;j§i: NMRI MSG
samci méli o 30 % nizsi hmotnost jater nez kontroly a samice o 37 %; C57Bl/6 MSG samci
0 15 % niz$i hmotnost jater a samice 0 27 %. NMRI DIO samci méli o 7 % niz§i hmotnost
jater nez kontroly a samice o 10 %; C57B1/6 DIO samci méli o 13 % mensi jatra a samice
0 17 % (obr. 13).
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Obr. 13. Pomér hmotnosti jater k télesné hmotnosti outbrednich NMRI
a inbrednich C57Bl/6 mysi. MSG mysi a jejich kontroly byly v 16. tydnu
veéku. DIO mysi a jejich kontroly byly ve 23. tydnu véku. n = 3 — 15 mysi
na skupinu. Signifikance je 'P < 0,05 a ~ P < 0,001 (mysi model

obezity vuci kontrolam).

5.1.4. Histologie mozku

Histochemie na fezech mozku u MSG mysi prokdzala, Ze buiiky v ARC u téchto
mysi jsou zni¢ené ve srovnani s kontrolami, tj., Ze existuji specifické 1éze v ARC (obr. 14).
U kontrolnich mysi byl ARC beze zmény.

Mezi kontrolami a DIO myS$mi nebyl Zddny rozdil v histologickém obrazu v oblasti

ARC.
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Obr. 14. Histologie mozku u samci a samic kontrolnich a MSG mysi. Léze v oblasti
ARC u MSG mysi: tyto mysi maji znicené neurony v ARC oproti kontrolam. n = 3 mysi

na skupinu. ARC — nucleus arcuatus, VMN — ventromedialni jadro.

5.1.5. Stanoveni biochemickych parametri v séru

U NMRI a C57Bl/6 kontrolnich, MSG a DIO mysi byly stanoveny hladiny leptinu,
inzulinu a glukosy v séru. NMRI MSG myS$i maji hyperleptinemii (zvySenou hladinu
leptinu), kterda je vyznamnéj$i u samic. Samci jsou rezistentni k inzulinu, nebot’ maji po
17 hod hladovéni hyperinzulinemii a hyperglykemii (zvySenou hladinu inzulinu
a glukosy). C57Bl/6 MSG mysSi maji také hyperleptinemii, kterd je vyznamnéjsi
u samic, mirn€ zvySenou glukosu, ale nevyznamnou zménu v hladin€ inzulinu (tab. 4).

NMRI a C57Bl/6 DIO mysi maji hyperleptinemii, C57Bl/6 DIO samci maji

vyznamnou hyperglykemii provdzenou mirnou hyperinzulinemii (tab. 4).
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Tabulka 4. Sérové koncentrace leptinu, inzulinu a glukosy
u 17 hod hladovych a sytych outbrednich NMRI a inbrednich C57Bl/6 kontrolnich,
MSG a DIO mysi. Hodnoty jsou vyjadrovany ve tvaru prumér + SEM. Signifikance je

'P<0,05 "P<0,01a""P < 0,001( mysi model obezity viiéi kontroldm).

n = 3 — 15 mysi na skupinu.

Leptin Inzulin Glukosa
[ng/mi] [ng/ml] [mmol/1]
hladovi | kontroly | 0,45+0,14 0,20 + 0,04 5,55+ 1,88
samei | MSG myvii (30,94 £10,96 | 3,31 +3,00 9,50 +2,56
NMRI
hladové | kontroly | 0,96 +0,32 0,33+0,10 5,65+ 0,86
samice | MSG mysi [ 37,70+ 11,70~ | 0,52 +0,10 5,75 + 0,94
NMRI
hladovi | kentroly | 037+0,14 0,38 £ 0,09 3,48 + 0,54
samci | MSG mnysi [15,87+3,70 | 0,65+0,31 3,19 £0,55
C57Bl/6 | kontroly | 0,30 +0,06 0,48 + 0,09 3,57+ 0,62
DIO mysi | 2,50+0,80 ~ | 0,68+0,17 874+ 1,15
hladové | kontroly | 0,85+0,18 0,26 + 0,02 4,59 +£ 0,28
samice | MSG mysi [44,07+£3,78 | 0,64 +0,23 2,98 0,75
C57Bl/6 | kontroly | 0,61+0,13 0,57 £ 0,05 4,37 £ 0,45
DIO my3i [10,09+3.87 ~ | 0,66+ 0,09 583+0,63
syti kontroly | 0,94 + 0,54 1,41 £0,72 7,73 £ 1,24
samei | MSG onsi [31,92+13,52 7 [12,18+6,78  |16,11 £9.24
NMRI kontroly | 0,96 +0,19 3,07 £ 0,58 8,57 +0,76
DIO mysi | 4,38 +1,56 2,34+ 0,63 10,78 + 0,77
syté kontroly | 2,62 + 1,08 0,64 + 0,22 7,90 + 0,96
samice | MSG mysi | 77,05£17,72 | 6,34+4,70 = 10,68 + 4,30
NMRI | kontroly | 1,32+022 0,84 0,15 3,95 + 0,69
DIO mysi | 2,37 £4,70 1,15+0,18 7,73+£430
syti kontroly | 7,00+ 1,21 1,97 £ 0,62 8,20 + 0,64
sameci | MSG mvsi [45,55+6,54 | 1,37+0,31 7,88 + 0,62
C57B1/6 | Kkontroly 1,72 £ 0,39 2,16 £ 0,34 9,38 + 0,83
DIO mysi | 422+1,17 2,68 + 0,56 1474+ 059
syté kontroly | 5,06+ 0,89 0,42+ 0,11 7,94 + 0,93
samice | MSG mysi [63,98+641 | 1,62+043 8,76 + 0,58
C57Bl/6 | kontroly | 3,28 + 1,06 0,83 +0,19 7,79 £ 0,62
DIO mysi | 827+241 1,82+038 ° [11,35+0,80
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5.2. SLEDOVANI PRIJMU POTRAVY U MYSI

5.2.1. Utinky peptidu CART (61 — 102) a CCK-8

HLADOVI SAMCI Z KMENE C57BI/6

Utinky peptidu CART (61 — 102) a CCK-8 byly sledovany u C57Bl/6 kontrolnich,
MSG a DIO samcti po 17 hod hladovéni. Latky se mySim podavaly podle mista svého
uc€inku, tedy CCK-8 nitrobfisné (IP) a peptid CART (61 — 102) do tfeti mozkové komory
(ICV). Abychom zjistili, zda CCK-8 a peptid CART (61 — 102) se vzdjemné ovliviiuji,
mysim byly poddvany obé latky najednou, poptipadé v kombinaci s antagonistou receptoru

CCK 4 devazepidem a poté peptid CART (61 — 102).

IP injekce CCK-8 (0,4 a 4 ng/kg) nevyznamné sniZila pfijem potravy u hladovych
kontrol ve srovndni s u¢inkem po injekci fyziologického roztoku (obr. 15), zatimco CCK-8
vddvce 4 pg/kg vyznamné snizZil pfijem potravy u hladovych DIO myS$i ve srovnani
s u¢inkem po injekci fyziologického roztoku (obr. 16). Uginek CCK-8 byl kratkodoby,
zhruba do 150 min, poté se vyrovnal kontrolam. U MSG mysi nemél CCK-8 zadny ucinek
(obr. 17).

IP injekce devazepidu (1 mg/kg) nevyznamné zvysila pfijem potravy u hladovych
kontrol ve srovnani sucinkem po injekci fyziologického roztoku (obr. 15), kdezto
u hladovych DIO mysi méla zhruba stejny ucinek na piijem potravy jako fyziologicky
roztok (obr. 16). Devazepid nemél zadny ucinek na pfijem potravy u MSG mysi (obr. 17).

ICV injekce peptidu CART (61 — 102) (0,1 a 0,5 pg/myS$) vyznamné sniZila pfijem
potravy u hladovych kontrol a hladovych DIO mysi v ddvce 0,5 pg/mys (obr. 15 a 16).
Utinek peptidu CART byl kritkodoby, zhruba do 200 min po podani. Ani peptid CART
nemél vliv na pfijem potravy u hladovych MSG mysi (obr. 17).

Kombinace CCK-8 (IP injekce) s peptidem CART (61 — 102) (ICV injekce, 5 min
po IP injekci CCK-8) jeste vice sniZila pfijem potravy u hladovych kontrol nez samotny
CCK-8 nebo peptid CART (obr. 15). Spolecny ucinek téchto dvou latek byl dlouhodoby.
Ukazuje to na synergisticky uc¢inek obou latek.

Abychom zjistili, jestli devazepid blokuje anorekticky ucinek peptidu CART, byla
hladovym kontrolnim myS§im podavana kombinace devazepidu (IP injekce, 1 hod pfed ICV
injekci peptidu CART) a peptidu CART (61 — 102) (ICV injekce). Devazepid zptisobil, ze
peptid CART po ICV podani nesniZoval pfijem potravy, tedy blokoval anorekticky ucinek
peptidu CART u hladovych kontrol (obr. 15).
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Obr. 15. Pfijem potravy u hladovych kontrolnich C57Bl/6 samcii v 16. tydnu véku:
a) kumulativni prijem potravy, b) prijem potravy 45 min po podani latek (nejvétsi
ucinek latek). CCK-8 (IP podani, 0,4 a 4 ug/kg), peptid CART (61 — 102)
(ICV podani, 0,1 a 0,5 ug/mys), devazepid (IP podani, 1 mg/kg). n = 6 — 8 mysi
na skupinu. Signifikance je "P < 0,01 a ~ P < 0,001 (latka viici fyziologickému

roztoku).
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Obr. 16. PFijem potravy u hladovych DIO C57Bl/6 samcii ve 23. tydnu véku:
a) kumulativni pFijem potravy; b) prijem potravy 45 min po podani latek (nejvétsi ucinek
latek). CCK-8 (IP podani, 0,4 a 4 ug/kg), peptid CART (61 — 102) (ICV podani,
0,5 ug/mys), devazepid (IP podani, 1 mg/kg). n = 6 — 8 mysi na skupinu. Signifikance je
"P < 0,001 (latka viici fyziologickému roztoku).
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Obr. 17. Kumulativni pFijem potravy u hladovych MSG C57Bl/6 samcii v 16. tydnu véku:
CCK-8 (IP podani, 0,4 ug/kg), peptid CART (61 — 102) (ICV podani, 0,5 ug/mys),
devazepid (IP podani, 1 mg/kg). n = 6 — 8 mysi na skupinu.
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5.2.2. Utinky peptidu CART (61 - 102), CCK-8 a NPY
SYTI SAMCI Z KMENE C57Bl/6

Pro dalsi objasnéni vztahu peptidu CART k latkdm ovliviiujicich pfijem potravy
byl sledovan pfijem potravy u sytych C57Bl/6 kontrolnich, MSG a DIO samci po podani
peptidu CART (61 — 102) do tfeti mozkové komory (ICV), CCK-8 nitrobii$né (IP) a NPY
do tfeti mozkové komory (ICV) nebo kombinace peptidu CART (61 — 102) a NPY nebo
kombinace NPY a CCK-8.

IP injekce CCK-8 (4 a 40 pg/kg) u sytych kontrolnich, DIO a MSG mysi neméla
ucinek na piijem potravy ve srovndni s ucinkem po injekci fyziologického roztoku (obr.
18, 19 a 20).

ICV injekce peptidu CART (61 — 102) (0,1 a 0,5 pg/mys) u sytych kontrolnich,
DIO a MSG mySsi neméla vyznamny u¢inek na pifijem potravy ve srovndni s uc¢inkem
po injekci fyziologického roztoku (obr. 18, 19 a 20).

ICV injekce NPY (5 pg/myS) vyznamné zvysila pfijem potravy u sytych
kontrolnich, DIO a MSG mysi ve srovndni s i¢inkem po injekci fyziologického roztoku
(obr. 18, 19 a 20). Nejvétsi uinek NPY byl 195 min po injekci.

Kombinace NPY (ICV injekce) a CCK-8 (IP injekce, 45 min po ICV injekci NPY)
zpusobila, ze CCK-8 snizil pfijem potravy navozeny NPY u sytych kontrolnich a DIO
mysi (obr. 18 a 19). U MSG mysi CCK-8 nesnizil pfijem potravy vyvolany pomoci NPY
(obr. 20).

ICV injekce peptidu CART (61 — 102) podana soucasné s NPY zptisobila, Ze peptid
CART (61 — 102) snizil pfijem potravy navozeny NPY u sytych kontrolnich, DIO a MSG
mysi (obr. 18, 19 a 20).
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Obr. 18. Pfijem potravy u sytych kontrolnich samci v 16. tydnu véku: a) kumulativni
pFijem potravy; b) prijem potravy 195 min po podani latek (nejvétsi pozorovany ucinek
NPY). NPY (ICV podani, 5 ug/mys), CCK-8 (IP podani, 4 a 40 ug/kg), peptid CART
(61— 102) (ICV podani, 0,1 a 0,5 ug/mys). n = 6 — 8 mysi na skupinu. Signifikance je
P < 0,01 a"P < 0,001 (latka viéi fyziologickému roztoku).
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Obr. 19. Prijem potravy u sytych DIO C57Bl/6 samcu ve 23. tydnu véku.
a) kumulativni pfijem potravy; b) prijem potravy 195 min po podani latek (nejvétsi
pozorovany ucinek NPY). NPY (ICV podani, 5 ug/mys), CCK-8 (IP podani,
4 a 40 ug/kg), peptid CART (61 — 102) (ICV podani, 0,1 a 0,5 ug/mys). n = 6 — 8 mysi
na skupinu. Signifikance je " P < 0,01 a” P < 0,001 (latka vici fyziologickému

roztoku).
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Obr. 20. Pfijem potravy u sytych MSG C57Bl/6 samci v 16. tydnu véku.
a) kumulativni prijem potravy; b) pFijem potravy 195 min po podani latek (nejvétsi
pozorovany ucinek NPY). NPY (ICV podani, 5 ug/mys), CCK-8 (IP podani,
4 a 40 ug/kg), peptid CART (61 — 102) (ICV podani, 0,1 a 0,5 ug/mys). n = 6 — 8 mysi
na skupinu. Signifikance je P < 0,05, "P <00l a ~P < 0,001 (ldtka vici

fyziologickému roztoku).



5.3. VAZBA 'PI-CCK-8 NA BUNECNE MEMBRANY Z MYSICH MOZKU

Byly zméfeny kompeti¢ni vazebné kiivky CCK-8 a antagonisty receptoru CCKa,
devazepidu, nejprve na membrany z mor¢ecich mozkd bez mozkové kiry a poté z mozki
kontrolnich, MSG a DIO mysi, opét bez mozkové kiry (obr. 21). Morceci mozkové
membrany slouzily jako standard, na kterém se optimalizovaly podminky pro pokus
na membrany z mysich mozkii. Podminky jsme optimalizovali podle literatury, ktera
popisuje vazbu CCK-8 na membrany z morcecich membran z mozkové kiry [80].
Zkouseli jsme rizné koncentrace membran: 600 pg, 150 pg a 100 pg bilkovin o objemu
250 pl, riznou dobu inkubace: 30 min, 60 min a 90 min. Pokusy probé&hly pii 22 °C.
Porovndvali jsme mezi sebou membrany z mozkové kiry a zbytku mozku bez mozkové
kiry. Z toho vyplynuly optimalni podminky pro my$i mozkové membrany, které byly:
100 pg bilkovin/250 nl, doba inkubace 60 min a teplota 22 °C.

V kompeti¢nich vazebnych pokusech soutézil '*I-CCK-8 s CCK-8 o jedno
vazebné misto. Protoze '*’I-CCK-8 m4d k receptoru CCK, i k receptoru CCKp stejnou
afinitu [79], jednalo se o homologni vazbu a mohli jsme stanovit Bp.x a K4. Tyto parametry
jsme porovndvali u vazby na membriany z mozkl kontrolnich, MSG a DIO mysSi. Pocet
vazebnych mist ve vzorku byl u kontrolnich, MSG a DIO mySi nizky (priméry
naméfenych B, u samcd a samic kontrolnich, MSG a DIO mysi byly: 24,72 + 3,08
fmol/mg, 24,63 + 2,42 fmol/mg a 22,97 + 1,01 fmol/mg) (tab. 5a). Mezi By« kontrolnich,
MSG a DIO mysi nebyly vyznamné rozdily. Ani v afinit¢ CCK-8 k receptorim nebyly
vyznamné rozdily mezi kontrolnimi, MSG a DIO mySmi (priméry naméfenych Ky
u samcl a samic kontrolnich, MSG a DIO mysi byly: 1,88 + 0,69 nM, 2,43 + 0,45 nM
a5,13 £ 3,06 nM) (tab. 5a). Ziskané hodnoty pro ICso a K; CCK-8 a devazepid jsou
uvedeny v tab. Sa, b.
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Obr. 21. Kompeti¢ni vazebné kfivky '“I-CCK-8 vytésnéného CCK-8 a devazepidem

na mys$i mozkové membrany: a) kontroly, b) MSG mysi, c) DIO mysi. Vazebné krivky byly

sestrojeny s pouzitim nelinearni regrese. Kazda kfivka reprezentuje priklad z alespon tri

méreni v duplikatech.
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Tabulka 5. Ziskané experimentdalni hodnoty pro ICsy, K;, Ky a B,y
vazebné kiivky ' I-CCK-8 vytésnéného: a) CCK-8, b) devazepidem

na membrany z morcecich a mysich mozki.

Hodnoty jsou vyjadrovany ve tvaru prumér £ SEM. ICsg, K;, K4 a Bmax

byly vysvétleny v kapitole 4.4.4.1.

a)
Krivka CCK-8 ICso [nM] Ki [nM] K4 [nM] | Binay [fmol/mg] |
morce 3,31+0,61 | 3,27+0,60 | 3,12+0,58 25,85 + 0,85
mySi samci kontroly | 2,69+0,74 | 2,66+0,73 | 2,59+0,70 24,85+ 1,93
mySi samice kontroly 1,20+ 0,69 | 1,19+0,69 | 1,17 +0,68 24,59 + 4,22
mysSi samci MSG 3,26+0,60 | 3,22+0,59 | 3,21 £0,57 25,59 + 1,59
mvSi samice MSG 1,69+0,33 | 1,67+0,33 | 1,65+0,32 23,66 + 3,25
ivSi samei DO 444 +224 | 438+221 | 420+2,11 22,87 £ 0,88
mysi samice DIO 6,25+4,05 | 6,17+4,00 | 6,05+4,00 23,06 + 1,14
b)
Kiivka devazepidu 1Cs0 {107 M] Ki[107 M]
morce 8,62+ 1,85 8,50+ 1,82
mysi samci kontroly 4,13+1,86 407 +1,83
mysi samice kontroly 3,76 £2,03 3,71 £2,00
mysi samci MSG 4,27+ 1,55 4,21 +1,53
mysi samice MSG 7,82+ 1,61 7,73+ 1,61
s samiei DO 7,67 +4,74 7,30+ 4,41
mvsi samice DIO 1,99 + 0,71 1,96 £ 0,70
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6. DISKUZE

6.1. OBEZITA A PRIJEM POTRAVY

Dnes jiz vime, Ze obezita neni jen kosmetickou vadou, za kterou byla v minulosti
povaZovana, ale jde o zdvazny zdravotni problém. Obezita vyznamné zvySuje vyskyt
cukrovky spojené se sniZenou citlivosti na ucinek inzulinu, vysokého krevniho tlaku,
umrtnost na choroby kardiovaskuldrniho systému a také mnozstvi nddorovych onemocnéni
[3]. MnozZstvi obéznich lidi celosvétové stoupa nesmirné rychlym tempem, a to i v Ceské
republice [8]. Dnes mame k dispozici dva léky, které v kombinaci supravou diety
a zivotniho stylu pomahaji sniZovat hmotnost — sibutramin a orlistat. Ale ani jeden z nich
neni bez vedlejSich ucinkd.

Nové objevy v oblasti regulace pfijmu potravy vedly k zdvéru, Ze je tato regulace
daleko slozit&jsi, nez jsme se domnivali. Hlavni oblast mozku zodpovédna za regulaci
pfijmu potravy je hypotalamus. Podafilo se i wurCit konkrétni neuronova jadra
v hypotalamu, ktera jsou zapojena do tohoto procesu — pfedev§im nucleus arcuatus
(obr. 1).

Dnes jiz existuje dlouhy seznam latek ovliviiujicich pfijem potravy. Védci vénuji
velkou pozornost peptidim CART, nebot’ tyto peptidy mimo jiné sniZuji pfijem potravy,
ale jejich role v regulaci pfijmu potravy neni pfili§ objasnéna, a to ani jejich vztah k dal§im
latkdm ovlivilyjicich pfijem potravy (napf. cholecystokininu). Receptor(y) pro peptidy
CART dosud jesté neni (nejsou) znamy(é). Nalezeni receptoru(ii) peptidd CART je velmi
dilezité pro dal§i vyzkum a vyuzZiti biologickych vlastnosti peptidi CART k vyrobé

potencidlnich farmakologickych 1éCiv.

6.2. CHARAKTERIZACE MODELU OBEZITY U MYSI

Ve své diplomové praci se zabyvam studiem u¢inkt peptidu CART (61 — 102),
oktapeptidu cholecystokininu (CCK-8) a neuropeptidu Y (NPY) na pfijem potravy
v modelech mysi obezity. Zavedli jsme proto dva modely obéznich mysi, tj. s obezitou
vyvolanou glutamitem sodnym (MSG) nebo s obezitou vyvolanou vysokotu¢nou dietou

(DIO).
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MSG model mysi obezity, ktery je charakterizovan lézemi v ARC (obr. 14),
Jje vhodny model pro studium rezistence k leptinu. V ARC se nachazeji receptory pro fadu
latek ovlivilujicich piijem potravy: pro leptin, inzulin (obr. 2), ristovy hormon a dalsi.
Toto jadro déle obsahuje tzv. primarni neurony souvisejici s regulaci pfijmu potravy:
neurony AgRP/NPY, které produkuji hormony zvySujici chut kjidlu a neurony
POMC/CART produkujici hormony s opaénym t¢inkem [14]. Jejich nepfitomnost v MSG
modelu mysi obezity md za nasledek nerovnovahu v regulaci pfijmu potravy a vydeji
energie. To vede sice k sniZzeni pfijmu potravy (tab. 2), ale patrné i k vy$simu vydeji
energie a k vét§imu ukladani bilé tukové tkané (obr. 11). Véhové se MSG samci pfili§
nelisili od kontrol, ale MSG samice vazily vice neZ jejich kontroly (obr. 9). U MSG mysi
je mald produkce rustového hormonu [65], coZ vysvétluje krat$i délku téla, ocasu, mensi
organy (napf. jatra viz obr. 13) a nadmémé ukladani tukové tkané (ristovy hormon ma
lipolytickou aktivitu). Obezita u MSG mys$i ma za nasledek neplodnost (jejich pohlavni
organy nejsou dobfe vyvinuty) a steatozu jater. Metabolické zmény, které zptsobuji
obezitu i pfes sniZeny pfijem potravy u MSG mysi, nejsou pfili§ objasnény. Jedno
z moznych vysvétleni je, Ze u téchto mysi chybi receptory pro leptin a inzulin.

Je zndmo, Ze obecn€ maji samice vyssi hladinu leptinu nez samci [81]. Outbredni
NMRI a inbredni C57Bl/6 hladové i syté MSG mySsi mély vyznamné zvySené koncentrace
leptinu (tab. 4). Tato hyperleptinemie byla je§té vyznamnéj$i u samic. Pfiinou vyssich
hladin leptinu u téchto mysi je zfejmé nepfitomnost jeho receptort v ARC, a tudiz poruseni
signalizace leptinu v mozku. MSG mysi jsou svymi metabolickymi parametry velmi
podobné db/db mySim, které maji nefunkéni leptinovy receptor a hyperleptinemii [63].

NMRI hladovi MSG samci maji zvySené hladiny inzulinu (jsou rezistentni
k inzulinu) a glukosy (tab. 4). NMRI hladové MSG samice nemaji hyperinzulinemii ani
hyperglykemii (tab. 4). Obecné je znamo, Ze samci jsou nachylné;si k rezistenci k inzulinu
nez samice [82]. NMRI syti MSG samci a samice maji zvy$ené hladiny inzulinu a glukosy
(tab. 4). Tyto vysledky jsme jiz publikovali [83].

Na rozdil od NMRI MSG mysi nejsou C57Bl/6 MSG mysi rezistentni k inzulinu
anemaji zvySené hladiny glukosy (tab. 4). Tento kmen je zfejmé odolnéjsi k vyvoji
rezistence k inzulinu, naproti tomu citlivéjsi k akumulaci tuku (obr. 11).

DIO model mysi obezity je velmi podobny lidské obezité ziskané v dusledku
konzumace vysokokalorické potravy. DIO mysi byly dlouhodobé krmeny vysokotu¢nou
dietou, ktera obsahovala 60 % tuku [72]. V dusledku konzumace této stravy DIO mysi
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akumulovaly zvySené mnozstvi tuku, ale samice se ukdzaly byt nachylngjsi k obezité nez
samci (obr. 11 a 12). Samci se vahové pfili§ nelisili od jejich kontrol, ale samice vazily
vyznamné vice neZ jejich kontroly (obr. 10). Ackoliv mély DIO mySi téméf totozny
vahovy pfijem potravy jako kontroly, jejich pfijem energie z vysokotu¢né diety byl vyssi
(tab. 3). Obezita navozena vysokotucnou dietou je zdvisld na typu zvifeciho kmene [70,
71]. Inbredni kmen C57Bl/6 je nachylnéjsi k obezité nez fada jinych inbrednich kmenti
nebo outbredni linie NMRI (obr. 11).

Z literatury je znamo, Ze po dlouhodobém krmeni vysokotunou stravou dojde
k rezistenci k leptinu [68]. Nase DIO mySi maji zvySené hladiny leptinu (tab. 4). Davody
pro hyperleptinemii nejsou zatim znamé, v posledni dobé byla vyslovend hypotéza,
Ze dochdzi k poruSe regulace leptinu na urovni signalizace leptinovymi receptory. DIO
mysi nemaji vyznamné zvySené hladiny inzulinu, ale pouze zvySené hladiny glukosy
(tab. 4).

Nase vysledky vedou k zavéru, ze mysi z kmene C57Bl/6 jsou nachylné;si k obezité
nez mysi z outbredni linie NMRI. C57Bl/6 MSG i DIO mysi maji vysoké hladiny leptinu.
NMRI MSG samct jsou rezistentni k inzulinu, kdezZto mysi z kmene C57Bl/6 nejsou.

6.3. SLEDOVANI PRIJMU POTRAVY U MYSI

Pf{jem potravy jsme stanovili u hladovych nebo sytych kontrolnich, MSG a DIO
samci i samic z kmene C57Bl/6, ale mezi pohlavimi nebyly vyrazné rozdily, a tudiZ jsme

do této diplomové prace vybrali vysledky z pfijmu potravy pouze u samcu.

6.3.1. Hladové kontrolni mysi

Utinky peptidu CART (61 — 102) a CCK-8 jsme studovali u 17 hod hladovych
kontrolnich samci z kmene C57Bl/6.

CCK je kratkodoby signdl sytosti a snizuje pfijem potravy u hladovych hlodavci
po jeho perifernim podani [26]. IP injekce CCK-8 (0,4 a 4 pg/kg) nevyznamné sniZila
pfijem potravy uhladovych kontrolnich samcti ve srovndni sucinkem po injekci
fyziologického roztoku (obr. 15). Je to proto, Ze CCK-8 byl podavan v prahovych davkach.

Devazepid je antagonista specificky pro receptor CCK,, a tudiz spiSe zvySuje

pfijem potravy po jeho perifernim podani [32]. IP injekce devazepidu (1 mg/kg)
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nevyznamné zvysila piijem potravy u hladovych kontrolnich samcii ve srovnani s u¢inkem
po injekci fyziologického roztoku (obr. 15). Tyto vysledky jsou srovnatelné s literaturou
[84].

Je znamo, zZe peptidy CART snizuji pfijem potravy po jejich centrdlnim podani [37,
40, 41]. My jsme téz pozorovali vyrazné sniZeni pfijmu potravy po podani peptidu CART
(61 — 102) (v davkach 0,1 a 0,5 ng/mys) do tfeti mozkové komory u hladovych kontrolnich
samct (obr. 15).

Bylo zjisténo, Ze velkd Cast neuroni CART v nervu vagu také obsahuje receptor
CCKax [13, 51], vyslovili jsme tudiz hypotézu, ze ucinky peptidi CART na pfijem potravy
mohou souviset sucinky CCK. V nasi studii jsme dokazali, ze skute¢né existuje
synergisticky vztah peptidu CART (61 — 102) a CCK-8 na pfijem potravy u hladovych
kontrolnich mysi, nebot’ kombinace téchto dvou latek jesté vice snizila pfijem potravy
u téchto mysi, neZ samotny CCK-8 nebo peptid CART (61 — 102) (obr. 15). Jejich
spole¢ny ucinek byl navic dlouhodoby (obr. 15a).

Pro dalsi objasnéni vztahu peptidu CART a CCK-8 byla mySim poddvana
kombinace devazepidu a peptidu CART (61 — 102). Zjistili jsme, ze devazepid blokoval
anorekticky u¢inek peptidu CART (61 — 102) na pfijem potravy u hladovych kontrol (obr.
15).

Z teéchto vysledki vyplyva, ze CCK-8 v prahovych davkach (0,4 a 4 ng/kg) a peptid
CART (61 — 102) v davkach, které jsou nizsi, ale jiz vyznamn€ sniZuji pfijem potravy
(0,1 a 0,5 pg/mys), maji synergisticky vztah s dlouhodobym ucinkem.

6.3.2. Syté kontrolni mysi

Utinky peptidu CART (61 — 102), CCK-8 a NPY jsme zkoumali u sytych
kontrolnich samci z kmene C57Bl/6.

CCK-8 a peptid CART (61 — 102) jsou anorexigenni latky, jejichZ ucinek na piijem
potravy lze dobfe méfit u hladovych hlodavcii, u nichZ jsou nizké hladiny pfirozeného
peptidu CART a CCK. Naopak syti hlodavci maji vysoké hladiny endogenniho peptidu
CART i CCK. Proto IP injekce CCK-8 (4 a 40 pg/kg) neméla ucinek na pfijem potravy
u sytych kontrolnich samct ve srovnani s uéinkem po injekci fyziologického roztoku (obr.
18); stejné tak jako ICV injekce peptidu CART (61 — 102) (0,1 a 0,5 ng/mys) (obr. 18).

NPY je mohutnym stimuldtorem pfijmu potravy. Jeho nejvétSi ucinek na piijem

potravy je pozorovan u sytych hlodavci, kdy jsou pfirozené hladiny NPY minimadlni, proto
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ICV injekce NPY (5 pg/my$) vyznamné zvySila pfijem potravy u sytych kontrolnich
samct ve srovnani s u¢inkem po injekci fyziologického roztoku (obr. 18).

Bylo dokdzéano, Ze u krys CCK-8 sniZil piijem potravy vyvolany pomoci NPY [55].
Nase studie potvrdily tyto vysledky z literatury na mysSich; CCK-8 (4 a 40 pg/kg) u sytych
kontrolnich mysi skute¢né sniZil pfijem potravy navozeny NPY (5 pg/mys) (obr. 18).

Vztah peptidu CART a NPY byl popsdn v hypotalamu pomoci imunohistochemie
[56]. Déale bylo dokdzano, Ze u krys peptid CART snizil pifijem potravy vyvolany pomoci
NPY [48]. V nasich studiich jsme zjistili, Ze kombinace NPY (5 pg/mys) a peptidu CART
(61 — 102) (bud’ s 0,1 pg/mys, nebo s 0,5 pg/mys) zptisobila, Ze u sytych kontrolnich mysi
peptid CART (61 — 102) sniZil pfijem potravy navozeny NPY (obr. 18).

Vysledky vedou k zdvéru, Ze samotny CCK-8 nebo peptid CART (61 — 102)
nemély ucinek na piijem potravy u sytych kontrolnich mysi, ale oba snizovaly pfijem

potravy navozeny orexigennim NPY.

6.3.3. Hladové a syté MSG mysSi

CCK-8, devazepid (byl poddvan pouze hladovym mySim) a peptid CART (61 —
102) nemély ucinek na pfijem potravy ani u 17 hod hladovych ani u sytych MSG mysi
zkmene CS57Bl/6 (obr. 17 a 20). MSG mysSi maji naruSeny rytmus pfijmu potravy
v disledku poskozeni optického nervu; nerozeznavaji den a noc [83]. Poskozenim neuronti
v ARC u téchto mysi je poruSena signalizace leptinem a inzulinem, které ovliviiuji pfijem
potravy. PoruSena je i regulace exprese a sekrece peptidu CART a ostatnich neuropeptidi
primarnimi neurony.

Prekvapivé bylo zjisténi, ze ICV injekce NPY (5 pg/mys) vyznamné zvysila pfijem
potravy u sytych MSG mysi (obr. 20). Pravdépodobnym vysvétlenim je, Ze receptory pro
NPY se nenachazeji pouze v ARC, jehoZ orexigenni neurony AgRP/NPY a anorexigenni
neurony POMC/CART jsou u MSG mysi zni¢ené, nybrz i v dal§ich mozkovych oblastech
ovlivitujicich pfijem potravy, napt. v PVN [52], proto byl u¢inek exogenné podaného NPY
zachovan.

CCK-8 (4 a 40 pg/kg) podany IP neovlivnil pfijem potravy navozeny NPY (ICV
injekce, 5 pg/mys) u sytych MSG mysi (obr. 20). MoZné vysvétleni pro to je,
Ze u normalnich mysi existuje synergisticky vztah CCK-8 a leptinu [55, 84]. Jelikoz
u MSG mysi chybi v ARC receptor pro leptin, u¢inek CCK-8 je minimalni v dasledku

nefunkéni interakce mezi CCK-8 a leptinem v mozkovém kmeni a hypotalamu. CCK-8
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tudiz nesniZoval pfijem potravy vyvolany pomoci NPY a injekce NPY a ndsledné
podaného CCK-8 méla stejny ucinek jako samotny NPY. Nase vysledky tedy dokazuji,
ze pro anorexigenni ucinek CCK-8 je nezbytny neposkozeny ARC a funkéni leptinovy
receptor.

Na rozdil od kombinace NPY a CCK-8 zpisobilo spole¢né ICV podini NPY
(5 pg/mys) apeptidu CART (61 — 102) (bud’ s 0,1 pg/mys, nebo s 0,5 pg/mys),
Ze u sytych MSG mysi peptid CART snizil pfijem potravy navozeny NPY (obr. 20).
Poskozenim ARC jsou sice zni¢ené priméarni neurony (neurony AgRP/NPY a neurony
POMC/CART), ale my jsme dokazali, Ze sekundarni neurony, které se nachdzeji mimo jiné
v PVN a LHA, zlstanou nedotéeny, a tudiZz mohou u MSG mysi zprostiedkovat
anorekticky ucinek exogenné podaného peptidu CART (61 — 102) na pfijem potravy
vyvolany pomoci NPY.

Z vysledki vyplyva, ze CCK-8, devazepid a peptid CART (61 — 102) nemély
ucinek na pfijem potravy u hladovych MSG mysi. U sytych MSG mys$i nemél CCK-8 vliv
na pfijem potravy navozeny NPY, ale peptid CART (61 — 102) jej snizoval.

6.3.4. Hladové a syté DIO mysSi

DIO samci z kmene C57B1/6 po 17 hod hladovéni reagovali na peptidy ovliviiujici
ptijem potravy podobng& jako 17 hod hladovi kontrolni samci. Uginek CCK-8 (4 pg/kg)
a peptidu CART (61 — 102) (0,5 pg/my$) na piijem potravy byl vSak vétsi nez u kontrol
(obr. 16). Jiz davka 4 pg/kg pro CCK-8 méla vyznamnéjsi ucinek neZ u normélnich mysi.
Vysvétlenim pro to by mohlo byt, Ze DIO mysi maji zvySené hladiny leptinu po hladovéni
a v disledku synergistického u€inku CCK-8 a leptinu ¢im vyssi jsou hladiny leptinu, tim je
CCK-8 citlivéjsi [55, 84]. Leptin stimuluje sekreci aexpresi peptidu CART [37].
Hyperleptinemie u téchto mysi znamend vys$i expresi a sekreci peptidu CART. Peptid
CART (61 — 102) by tedy mohl pisobit vétSi anorekticky ucinek u DIO mysi také
v disledku hyperleptinemie.

Syté DIO mysi reagovaly na peptidy ovliviiujici pfijem potravy podobné jako syté
kontroly. Stejné jako u sytych kontrol, NPY u sytych DIO mysi zvysil piijem potravy (obr.
19). I u DIO mysi jsme zjistili, Ze CCK-8 (4 a 40 pg/kg) a peptid CART (61 — 102)
(0,1 a 0,5 pg/mys) snizily pfijem potravy navozeny NPY (5 pg/mys) (obr. 19).
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Z vysledki vyplyvd, ze hladové DIO mysi jsou citlivéjsi k peptidu CART (61 —
102) v disledku hyperleptinemie. U sytych DIO mysi peptid CART (61 — 102) snizil
pfijem potravy vyvolany pomoci NPY, stejné tak jako CCK-8 navozeny NPY.

6.4. VAZBA '"I-CCK-8 NA BUNECNE MEMBRANY Z MYSICH MOZKU

CCK piisobi na dva typy receptori, pfiCemz jeho periferni typ receptoru, receptor

CCKa, uzce souvisi s pfijmem potravy. Pocet vazebnych mist ve vzorku bunéfnych
membran byl u kontrolnich, MSG a DIO mysi nizky a to proto, Ze receptor CCKa
se nachdzi pfevazné v periferii, ale jeho mald ¢ést je i v mozku, zejména v hypotalamu
av NTS [31]. Receptor CCKp je viude v mozku ve velkém mnoZstvi, ale jeho nejvétsi
koncentrace je v mozkové kiife [28]. Pouzili jsme mozkové membrany bez mozkové kiry
z toho divodu, Ze pravé hypotalamus je hlavnim centrem kontroly pfijmu potravy
a mozkovd kira hraje jinou roli v pfijmu potravy (jeji role souvisi s chovanim pft pfijmu
potravy). V mozku bez mozkové kiry se tedy nachdzi jak receptor CCKsg, tak i CCK,, ten
ale v nizkém mnoZzstvi (tab. 5). V pokusech jsme pouzili 100 pg membran/250 nl. Toto
mnozZstvi bylo maximalni mozné vzhledem k nizkému mnoZstvi tkané ziskané z mySich
mozki. Nespecifickd vazba byla relativné vysoka, ale niz$i nez 50 % [76]. Porovnali jsme
mnozstvi receptori CCK (Bmax) a afinitu 1251.CcCK-8 k receptorim (K4) v mozku proto,
abychom si ovéfili, zda u mySich modeli obezity nedochdzi k zméné ucinki CCK-8
na pfijem potravy v disledku zmény B, nebo K4 Ani v poftu vazebnych mist, ani
v afinit¢ CCK-8 k receptorim jsme nena$li vyznamné rozdily mezi kontrolnimi, MSG
a DIO my$mi (tab. 5). CCK-8 vyt&siioval '*’I-CCK-8 podobnou afinitou k membrédnam
z tkani kontrolnich, MSG a DIO mysi. Vysledky kompeticnich vazeb CCK-8 ukazuji
souhrn vazby na receptory CCK, i CCKg, které jsou pfitomny v celém mozku, nejen
v mozkové kiife.
Devazepid je antagonista receptoru CCKa. Také se vaze na receptor CCKp, ale mnohem
slabé&ji nez na receptor CCK4 [77], proto z rovnovazné disociaéni konstanty (K;) fadové
(u devazepidu asi 100x niz8i K; nez u CCK-8) vyplyva, Zze v systému se nachazi spiSe
receptory CCKgp (tab. 5). K; pro devazepid jsou relativn& vysoké, fadové 10”7 M, zatimco
v systému s vysokou koncentraci receptoru CCK4 (pankreas) je to fadoveé 10° M [79].
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Nase vysledky vedou k zavéru, Ze jsme nenalezli zmény ve vazebné afinit€¢ CCK-8
k receptorim ani v po¢tu vazebnych mist pro CCK-8 u membran z mozkd bez mozkové
kiry (tkan obsahujici NTS a hypotalamus s vyss§i koncentraci receptoru CCK,) u MSG
aDIO mysi ve srovnani s kontrolnimi mySmi. Vyvozujeme z toho, Ze zmény
v anorexigennich ucincich CCK-8 u téchto modeli (CCK-8 bez ucinku u MSG mysi, ale se
zvétSenou citlivosti u DIO mysi) jsou patmé dusledkem zmény hladin jinych hormont,
zejména leptinu (MSG mys$i maji nefunkéni leptinovy receptor, DIO mysi maji

hyperleptinemii), které ovliviiuji synergisticky uc¢inek CCK-8.
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SOUHRN

e Zavedeni modelii obezity u my$i z kmene C57Bl/6 a linie NMRI

Vsechny MSG mys$i mély niz§i pfijjem potravy nez kontroly. Samci
se vahové neli$ili od kontrol, ale samice vazily vyznamné vice nez jejich kontroly.
Samci a samice akumulovali vét§i mnozstvi tuku, samice vyznamné vice. VSechny
MSG mysi mély hyperleptinemii, ktera byla vyznamnéj§i u samic. MSG samci
z linie NMRI mély hyperinzulinemii a hyperglykemii.

DIO my$i mély podobny pfijem potravy i hmotnost jako kontroly.
Akumulovaly velké mnoZstvi tuku, samice opét vice nez samci. M¢ély

hyperleptinemii, hyperglykemii a mirnou hyperinzulinemii.

e Utinky peptidu CART (61 - 102), CCK-8 a NPY

U hladovych kontrolnich mysi byl dokazan synergisticky vztah peptidu
CART (61 - 102) a CCK-8.

CCK-8 snizoval ptijem potravy vyvolany pomoci NPY u sytych kontrolnich
a DIO mysi. U sytych MSG mysi nemél CCK-8 vliv na pfijem potravy navozeny NPY.

Peptid CART (61 — 102) sniZoval pfijem potravy vyvolany pomoci NPY
u sytych kontrolnich, DIO a MSG mysi.

e Vazba 'I-CCK-8 na bun&né membrany z mySich mozkd
Pocet vazebnych mist pro CCK-8 byl u kontrolnich, MSG a DIO mysi
nizky. Mezi normdlnimi a obéznimi my$mi nejsou rozdily v po¢tu vazebnych mist ani

v afinité CCK-8 k receptoriim.
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Abstract

Treatment of newbom mice with monosodium glutamate (MSG) is neurotoxic for hypothalamic arcuate nucleus (ARC) and causes obesity. In
the MSG-treated 16-week-old NMRI mice, we detected specific ablation of ARC neuronal cells, 8 times higher fat to body mass ratio but
unchanged body mass compared to controls, advanced hyperglycemia and hyperinsulinemia - both more pronounced in males, and
hyperleptinemia --- more severe in females. After fasting, the MSG-treated mice showed attenuated food intake compared to controls.
Cholecystokinin octapeptide, which decreased food intake in a dose-dependent manner in 24 h fasted controls, did not significantly affect food
intake in the MSG-treated animals. We propose that the obesity-related changes in the feeding behavior of the MSG-treated obese mice were the
result of missing leptin and insulin receptors in ARC and consequent altered neuropeptide signaling. This makes the MSG model suitable for

clarifying generally the central control of food intake.
€ 2006 Elsevier B.V. All rights reserved.

Keviwords: Monosodium glutamate; Obesity; Cholecystokinin: Feeding behavior

1. Introduction

Arcuate nucleus (ARC) of the hypothalamus is accessible to
adiposity signals of leptin and insulin, which circulate in blood
in amounts proportional to body fat. The ARC represents the
first order neurons, which contain leptin and insulin receptors
and produce either neuropeptide Y (NPY) plus agouti-related
protein (AgRP) or proopiomelanocortin (POMC) plus cocaine
and amphetamine-regulated transcript (CART) [1--3]. The first
order neurons project to the hypothalamic paraventricular
nucleus (PVN), where POMC splits to a-melanocyte-stimulat-
ing hormone (a«-MSH); a-MSH and AgRP bind to melanocortin
receptors 3 and 4 (MC3R/MC4R) with a diverse action and NPY
acts as an agonist of its own receptors. The competition between
AgRP and a-MSH for MC4R binding site in the PVN is con-
sidered to be the most critical interaction in food intake regu-

* Corresponding author. Tel.: +420 220183345 fax: +420 233331274.
E-mail address: sclesnaca img.cas.cz (B. Zelezna).

0167-0115:% - see front matter < 2006 Elsevier B.V. All rights reserved.
don: 101016 fregpep.2006.04.020

lation [2]. From the PVN, the second order neurons project to the
nucleus of the solitary tract of the hindbrain, where short-term
satiety signals are mediated by cholecystokinin (CCK) and
where leptin receptors are also expressed. Thus, local interac-
tions between leptin and CCK in the hindbrain are possible [4].

Efferent projections of the ARC neurons can be impaired in
rodents by monosodium glutamate (MSG) treatment in the first
days of their life [5,6]. The MSG-treated mice showed marked
shrinkage of the ARC area, widening of the third ventricle, and
thinning of the median eminence [7]. The number of cells was
decreased by 75% in their arcuate nuclei but stayed unchanged
in other hypothalamic areas [8]. MSG treatment lowered the
hypothalamic gene expression at the m-RNA level for NPY and
AgRP to less than 10% [9] and erased both NPY/AgRP cell
bodies and terminals in ARC [7].

Owing to an impaired GHRH production [9], the MSG mice
and rats display stunted growth, atrophied pituitaries, gonads, and
optical nerves. The damage of the cells in the inner retina of the
MSG rodents results in undifferentiated feeding under both light
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and dark periods [10,11]. An increasc in body fat without any
change in body weight in rather hypophagic animals [12] was
explained by a lower metabolic rate rather than by an elevated
food intake [ 13].

In this paper, besides the basic physiological parameters and
feeding behavior, we describe, for the first time, the effect of
exogenous cholecystokinin octapeptide on the food intake in the
MSG-treated obese mice.

2. Materials and methods
2.1. Experimental animals

Male and female NMRI mice obtained from Bio Test
(Konarovice, Czech Republic) were housed at a temperature of
23 °C and a daily cycle of 12 h light and dark (light from 6:00).
They were given ad libitum water and standard chow diet (ST-1,
Velaz, Koleé, Czech Republic). All experiments followed the
ethical guidelines for animal experiments and the law of the
Czech Republic Nr. 246/1992.

For hypothalamic lesion-induced obesity, newborn mice
were administered with monosodium glutamate (MSG) (4 mg/g
body weight, s.c.) from postnatal day 2 to 8. Osmolality controls
werc treated with saline of osmolality corresponding to the MSG
solution [14]. Control mice were left without any treatment.

Body weight and food intake were monitored once a week up
to 16 weeks of age, when food intake experiments were per-
formed. Male and female experiments were performed sepa-
rately. Two days after the experiment, both controls and MSG-
treated animals were divided into groups (n=7-10 per group):
the fed group was allowed to feed ad libitum, the fasted groups
were fasted for 15 (food removed at 17:00) or 24 h (food
removed at 8:00). The next day, the mice were sacrificed bet-
ween 8:00 and 9:00, samples of blood serum were collected,
and white adipose tissue (subcutaneous, abdominal and go-
nadal) and liver were dissected and weighed.

Smaller groups of animals of both sexes including intact
controls, osmolality controls, and MSG-treated animals (n=3-5
mice per group) were killed at the age of 8 weeks between 8:00
and 9:00 (without fasting) and their blood samples and white
adipose tissuc were collected.

Obesity rate was expressed by Lee index [15] defined as
cube root of body mass (g) divided by nasoanal length (cm).

2.2, Brain histology

Three male and three female controls and three male and three
female MSG-treated mice were at 16 weeks of age deeply anes-
thetized with 2.5 mg/100 g hypnomidate i.p. (Janssen Pharmaceu-
tica, Beerse, Belgium), and rapidly perfused transcardially with
0.1 M phosphate buffer, pH 7.4, containing 4% paraformaldehyde,
0.1% glutaraldehyde, and 10% saturated picric acid. Then the
brains were removed, postfixed in the described fixative overnight
at 4 °C, and infiltrated with 15% sucrose in 0.025 M phosphate
buffer, pH 7.4 tor 48 h at 4 °C. Before sectioning, the brains were
rapidly frozen in cold isopentanc (—40 °C), additionally cooled in
dry ice and placed into a Reichert cryocut device for 1 hat —15 °C.

Coronal sections (35 um thick) were cut from the whole
hypothalamus [16] collected in cold 0.1 M phosphate buffer, pH
7.4, mounted on poly-L-lysine-coated glasses, and stained with
0.1% cresyl violet acetate (Sigma) dissolved in distilled water and
analyzed under a Leica DMLS light microscope using the atlas of
Mouse brain [16]. Representative sections were captured by com-
puterized system that included a microscope equipped with a
Canon digital camera (PowerShot S 40).

2.3. Food intake experiments

One week before the experiment, mice were placed into
separate cages; they had free access to food and water. Before the
test, 16-week-old mice (male, female, control and MSG-treated)
were fasted for 24 h (from 8:00 morning) with free access to
water. Fasted mice were injected i.p. with either saline or 0.2 ml
of cholecystokinin octapeptide (CCK-8, Asp—Tyr(SO;H)-Met—
Gly-Trp—Met-Asp—-Phe~NH;, Neosystem, Strasbourg,
France) in a dose range 4—40 ng/kg (n=6-8 mice per group).
Ten minutes after the injection, animals were given weighed
food pellets. The pellets were weighed at 30 min intervals and
replaced with fresh ones. Food intake was followed for 3.5 hod.
Experiments were performed between 8:30 and 12:00. Animals
had free access to water during the experiment. The results are
expressed in grams of food consumed.

2.4. Blood serum components

Leptin and insulin concentrations in serum were quantified
by ELISA assay (BioVendor, Bro, Czech Republic) and by
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Fig. 1. MSG lesions in hypothalamic arcuate nucleus (ARC). Coronal sections of
the hypothalamus of MSG-treated mice stained with 0.1% cresyl violet acetate
show disappearance of neurons in ARC compared to control mice (VMN -
ventromedial hypothalamic nucleus) (n=3 per group).
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RIA assay (Linco Research, St. Charles, M1, USA), respective-
ly. Serum glucose levels were measured by a glucometer
(Glucocard, Arkray, Kyoto, Japan). Rate of insulin resistance
was expressed by homeostatic model assessment (HOMA) cal-
culated as (fasting glucose level, mmol/1) x (fasting insulin level,
pmol/l) divided by 22.5 {17].

2.5. Statistics

Data are presented as means + SEM for the number of animals
indicated in the Figures and Tables. They were analyzed by one-
way ANOVA followed by Tukey post hoc test (food intake
experiments) and two-way ANOVA (comparison of body mass
of control and MSG-treated animals) using Graph-Pad Software
(San Diego, CA, USA). P<0.05 was considered statistically
significant.

3. Results and discussion

The ARC is considered to be a major site of leptin resistance.
The MSG model of obesity, which is characterized by specific
ARC lesions, could be an appropriate model for the study of
severe leptin resistance. Absence of the neurons producing
orexigenic (¢.g. NPY and AgRP) or anorexigenic (e.g. POMC
and CART) [9.18] compounds causes imbalance in food intake
and energy expenditure regulation leading to hypophagia and fat
accumulation. It has been proposed that growth hormone defi-
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Fig. 2. Increase in body weight of control and MSG-treated mice: a/ males, b/
females (#<10--15 per group). Significance is **P<0.01 versus controls for
female mice.
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Fig. 3. Percentage of fat in the body mass of 16-week-old male and female
control and MSG-treated mice (n=20-2S per group).

ciency, which explains the reduction in body length, may also
explain an excessive fat accumulation because growth hormone
is known to possess lipolytic activity [12,19,20].

The relationship between MSG-induced ARC damage and
the metabolic changes that result in obesity at mild hypophagia
is poorly understood. One of the pivotal factors of this im-
balance is probably the lack of leptin receptors. Obese db/db
mice lacking functional leptin receptors are also hyperleptine-
mic [21] and represent an obesity model similar to the MSG
one. However, data concerning the effect of cholecystokinin, a
brain—gut peptide regulating food intake [22], on short-term
food intake of db/db or MSG-treated mice have not been
published yet.

3.1. MSG obesity model: lesions, fat, leptin, insulin, and
glucose levels

As observed on the serial coronal sections of the hypothal-
amus of perfused brains, MSG treatment induced marked dis-
appearance of neurons only in ARC (Fig. 1) while the adjacent
hypothalamic nuclei, in concordance with our previous study
[23], did not show any marks of MSG damage either in males or
females. As expected, neurons in ARC of normal and osmo-
lality control mice did not display any histological alterations.

MSG treatment induced maturity-onset obesity despite a lower
food intake in males (average daily food intake was 7.72+0.76 g
for controls, 5.80+0.73 g for MSG-treated animals, n=15) and
equal food intake in females (average daily food intake was 6.49+
0.67 g for controls, 6.15£0.48 g for MSG-treated, n=10-15).

Table 1
Metabolic parameters of control and MSG-treated male and female mice at
8 weeks of age

Sex Characterization Rate of fat/  Glucose Insulin Leptin
body mass (mmoll) (ng/ml) (ng/ml)
Male  Control fed 1.39+0.26  7.97+1.12 1.12£0.26 3.07£0.34
MSG fed 6.30+0.93  9.33+1.26 1.85+0.40 11.81£4.44
Female Control fed 3.85£0.20 8.40+£0.92 1.55£0.72 4.50£1.10
MSG fed 7.1841.10  8.70+£0.54 1.07+£0.38 17.21£4.94

All values are expressed as the mean+ SEM (n=3-5 animals per group).
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Table 2

Metabolic parameters of control and MSG-treated male and female mice at 16 weeks of age

Sex Characterization Rate of fatbody mass Lee index Glucose (mmol/l) Insulin (ng/ml) HOMA Leptin (ng/ml)

Male Control fed 7.73£1.24 1.41£0.72 - 0.94+0.54
Control 15 h fasted L3 11” 319.79£7.407 5.55+1.88 0.20+0.04 8.5110.58 0.45+0.14
Control 24 h fasted 3.68:0.82 0.47+0.24 13.25+1.51 0.49+0.12
MSG fed 16.11£9.24 12.18+£6.78 - 31.92+13.52
MSG 15 h fasted 9.61+1.80" 341.43+5.39" 9.50£2.56 3.31+3.00 240.96 +58.82 30.94£10.96
MSG 24 b fasted 6.50:£1.28 0.71£0.40 35.36+3.93 14.85+3.96

Female Control fed 7.90+0.96 0.64+0.22 - 2.62+1.08
Control 15 h fasted 1.4240.88" 316.34+11.82" 5.65+0.86 0.33+0.10 14.29+0.66 0.96+0.32
Control 24 h fasted 4.45+0.74 0.37£0.12 12.62+0.68 0.96+:0.26
MSG fed 10.68+4.30 6.34+4.70 - 77.05£17.72
MSG 15 h fasted 11.00+1.63" 356.04+10.63" 5.7540.94 0.52£0.10 22.91+0.72 37.70+:11.70
MSG 24 h fasted 4.4340.50 0.33+0.14 11.20+1.86 16.38+6.90

All values are expressed as the mean £ SEM (n =710 animals per group). "Average of values for fed, 15 h and 24 h fasted animals.

Even though no significant difference in body mass of the MSG
and control mice was detected (except of females at 15 and
16 wecks of age, Fig. 2a, b), the adipose tissue mass of the MSG
mice at 16 weeks of age was about 8 times higher than that of
controls, both in males and females (Fig. 3, Table 2). Lee index of
obesity ditfered only slightly in controls and the MSG mice (Table
2). Highly elevated adiposity of MSG-treated mice was apparent
already at 8 wecks ot age and was more pronounced at 16 weeks
of age (Tables 1 and 2). Females showed higher content of adipose
tissue than males. MSG-treated mice had about 15% shorter body
and tail length compared to the controls; their liver had about 30%
lower mass and showed partial steatosis, and the gonads were
poorly developed. Stunted growth and smaller organs have also
been described in other studies with MSG Swiss albino mice [S].

Dramatically elevated leptin levels, both in the fed and fasted
MSG mice, pointed to a severe hyperleptinemia, which was even
more pronounced in the females (Table 2). In control mice, our
results confirm a well-known fact that females have higher levels
of leptin than males (2-2.8 times higher, under both fed and fasted
condition). In MSG-treated fed temales, leptin levels were 2.4
times higher than those of males. After fasting (15 or 24 h), leptin
levels in both sexes were lowered to a similar value, however still
much higher than that of respective controls (Table 2).

On the contrary, enhanced levels of insulin and glucose
persisted after fasting only in the 16-week-old male MSG mice
(glucose levels were about 2 times higher both in fed and fasted
male MSG mice compared to their respective controls), which
indicates that the male mice were more prone to insulin re-
sistance than the female ones in this outbred strain of mice (see
Table 2). HOMA index also confirms high insulin resistance in
MSG males (Table 2).

At 8 weeks of age, glucose and insulin levels both in the fed
MSG males and females were comparable with controls, but
leptin levels were alrcady highly elevated (4 times in both sexes
compared to control, see Table 1). At this age, the mentioned
metabolic parameters of osmolality controls did not show any
difference from thosc of intact controls (results not shown).

All the above-mentioned facts confirmed a correct function-
ing of the MSG-induced obesity model in our mouse outbred
NMRI strain. Moreover, more pronounced hyperleptinemia in
the females and more apparent insulin resistance in the males

showed a usual pattern of sex diversity in metabolic conse-
quences of obesity. Interestingly, markedly increased insulin
levels were found in both male and female MSG-treated mice
under fed conditions, while fasting normalized insulin levels in
MSG-treated females but not males. We do not have a clear
explanation for this gender-related difference in insulin resis-
tance and its response to fasting. However, it has been demon-
strated previously in both rodent models and humans that males
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Fig. 4. Cumulative food intake of 24 h fasted 16-week-old control and MSG-
treated mice after i.p. administration of saline or 40 pg/kg CCK-8. Food intake is
expressed in grams of food consumed: a/ male mice, b/ female mice (n=6--8 per
group).
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Fig. 5. Effect of CCK-8 on food intake of 24 h fasted 16-week-old control and
MSG-treated mice. Dose--response refationship of CCK-8: 40 min after i.p.
administration of 4, 10, and 40 pg/kg CCK-&. Food intake is expressed in grams
of food consumed: &/ male mice, b/ female mice. Significance is *P<0.05,
**P<0.01, ***P<0.001 versus the respective saline-treated group (n:=6-
& mice per group).

are more prone to insulin resistance induced by high fat feeding
or fatty acid infusion than females [24].

3.2. CCK-8 as u short-term satietv signal and the MSG obese
mice

All food intake experiments were performed with 16-week-
old animals after 24 h of fasting. Typical cumulative tood intake
curves for groups treated with saline or with CCK-8 (40 ug/kg)
are shown in Fig. 4a, b (data of cumulative food intake for
injected doses of CCK-8 4 and 10 pg/kg are not shown). CCK-
8 affected food intake as a short-term satiety signal up to 150 min
depending on a dose injected. In the intact controls of both sexes,
CCK-8 typically suppressed food intake after fasting with its
maximal effect up to 40 min. The response was significantly
dose-dependent in both the male and female mice in all doses
tested (Fig. Sa, b).

Compared to the controls, the MSG mice displayed
substantially attenuated food intake after fasting, which was
only negligibly lowered by CCK-8 (Figs. 4 and 5). Both male
and female MSG mice did not show any significant dose-de-
pendent responses to CCK-8 (see Fig. 5). MSG-treated mice
had disrupted circadian rhythm of food intake [10], and 24 h
fasting did not influence their appetite. The main reason for that
could be the lack of leptin receptors and short-term satiety
signals in ARC. MSG-treated rats were found unresponsive to

leptin treatment after both i.p. and i.c.v. administration [25,26].
Leptin receptors were found also in parts of the hypothalamus
other than arcuate nucleus and in brainstem [27,28]. The effect
of leptin on reducing body mass and resisting diet-induced
obesity in ventromedial hypothalamus has just been recently
revealed [29]. Leptin was shown to induce Fos immunoreac-
tivity in several brainstem sites, including CCK neurons in the
parabrachial nucleus [28,30]. We propose that in the MSG mice,
signaling via leptin and insulin receptors and anorectic and
orexigenic neuropeptides in efferent ARC neurons was elimi-
nated while in other brain parts it was preserved. The changed
pattern of leptin signaling together with disturbed food intake
control probably attenuated the CCK-8 effect in the MSG miice.

4. Conclusions

White outbred NMRI mice with MSG-induced lesion of
ARC neurons accumulated 8 times more of white adipose tissue
than controls and developed hyperglycemia and hyperinsuline-
mia, both more pronounced in males, and severe hyperleptine-
mia, which was more apparent in females.

Surprisingly, the MSG mice showed a very low food intake
after fasting which was not significantly affected by peripher-
ally administered CCK-8 and was probably a result of the lack
of leptin and insulin signaling system in the ARC.

The present MSG model showed up as favorable for clar-
ifying the central contro! of food intake, specifically the rela-
tionship between arcuate nucleus and CCK-8.
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Abstract

CART (cocaine- and amphetamine-regulated transcript) peptides have been studied for ten years. We report specific binding of 125 CART(61-
102) to the rat adrenal pheochromocytoma PC12 cell line, both intact cells and cell membranes. Saturation binding to intact plated cells resulted in
K4 of 0.48+0.16 nM and B,,,, of 2228+529 binding sites/cell. 'I-CART(61-102) was also bound to PC12 cells differentiated using nerve
growth factor to the neuronal phenotype with non-specific binding below 20%, and K, of 1.90+0.27 nM and By, of 11194261 binding sites/
cell. In competitive binding experiments, CART(61-102), CART(55-102) and di-iodinated CART(61-102) were bound to PC12 cell membranes
with K; in low nM range; their affinity to intact non-differentiated and differentiated cells was in low 10™® M range. In order to prove that
iodination did not eliminate the pharmacological properties of CART, we tested the biological activity of di-iodinated CART(61-102). It decreased
food intake in in vivo feeding experiment on fasted mice in a dose of 1 pg/mouse to the same extent as CART(61-102) in a dose of 0.5 pg/mouse.

© 2007 Elsevier B.V. All rights reserved.

Keywords: Radioligand binding; CART; PC12 cells; Food intake

1. Introduction

CART (cocaine- and amphetamine-regulated transcript)
peptides were described ten years ago (Douglass et al., 1995)
and linked to a previously isolated hypothalamic peptide with
unknown function (Spiess et al., 1981). The entire issue of
Peptides (Kuhar, 2006) is dedicated to the ten-year anniversary
of CART discovery.

CART peptides are involved in reward and reinforcement,
feeding and satiety, stress, endocrine regulation, and sensory
processing (for reviews, see Broberger, 2000; Hunter et al.,
2004, and the above-mentioned issue of Peptides).

CART is evolutionarily conserved across species. ProCART
of rat and mouse is identical, consists of 102 amino acids and is

* Corresponding author. Institute of Molecular Genetics, Academy of
Sciences of the Czech Republic, Flemingovo nam. 2, 166 37 Praha 6, Czech
Republic. Tel.: +420 220183345, fax: +420 233331274.

E-mail address: zelezna(uimg.cas.cz (B. Zelezn4).

0014-2999/8 - see front matter © 2007 Elsevier B.V. All rights reserved.
doi:10.1016/j.ejphar.2006.12.014

processed to two main active CART peptides, i.e. to CART(55-
102) and CART(61-102), which are mostly used in CART
research. Human proCART lacks sequence 27-39 of the mouse
and rat proCART and has valine instead of isoleucine in the
position 55 (Douglass et al., 1995; Douglass and Daoud, 1996).

CART is one of the most abundant hypothalamic transcripts
(Gautvik et al., 1996) and both CART mRNA and CART
immunoreactivity were found in specific nuclei throughout
brain, pituitary, adrenals, islets of Langerhans and gut.
However, no receptors for CART have been cloned to date.
Specific binding of ['2°1]-CART(61-102) to the AtT20 mouse
pituitary tumor cell line (Vicentic et al., 2005, 2006) has been
reported recently. Keller et al. (2006) described binding of a
fusion protein consisting of CART(55-102) and green fluores-
cent protein to dissociated hypothalamic cells. A possible role
of CART in the hypothalamo—pituitary—adrenal axis was sug-
gested (1liff et al., 2005).

In this study, we report specific binding of ['**[]-CART(61-
102) to pheochromocytoma cells PC12, both non-differentiated
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and differentiated into a neuronal phenotype. Biological activity
of the non-radioactive di-iodinated CART(61-102) was con-
firmed in in vivo feeding test.

2. Materials and methods
2.1. lodination of CART(61-102)

CART(61-102) (Bachem, Bubendorf, Switzerland) was
iodinated at Tyr®? either with Na['?’I] (MP Biomedicals,
Illkirch, France) or non-radioactive Nal (Sigma, St. Luis, MO,
USA) using lodo-Gen (Pierce Chemical Co., Rockford, IL,
USA) (Fraker and Speck, 1978) in 0.1 M Na-phosphate buffer,
pH 7.2, containing 0.15 M NaCl for 15 min at room temperature
according to manufacturer’s instructions. For mono-iodination,
3 equivalents of peptide were used for 1 equivalent of non-
radioactive Nal or Na['?*1]. For di-iodination, 10-fold excess of
non-radioactive Nal to the peptide was used. Non-, mono- and
di-iodinated CART(61-102) were separated by RP-HPLC using
an Agilent Prep-C18, 5 pm, 250x4.6 mm column (Agilent
Technologies, Palo Alto, CA, USA) applying 20-28% gradient
of acetonitrile in H,O with 0.1% trifluoroacetic acid in 45 min
(flow rate 1 ml/min, UV detection at 215 and 275 nm and
gamma detection of radioactive peptide). The molecular
weights of the iodinated peptides were confirmed by MALDI-
TOF, Reflex IV mass spectrometry (Bruker Daltonics, Billerica,
MA, USA). Specific activity of '**I-CART(61-102) was about
2000 Ci/mmol. ['**I]-CART(61-102) was kept in aliquots at
—20 °C and used for saturation and competition binding studies
within 1 month.

2.2. Food intake experiments

Male C57Bl/6 mice from the Institute of Molecular Genetics
(Prague, Czech Republic) were housed at a temperature of
23 °C and a daily cycle of 12 h light and dark (light from 6:00).
They were given ad libitum water and standard chow diet (St-1,
Velaz, Kolec, Czech Republic). All experiments followed the
ethical guidelines for animal experiments and the Act of the
Czech Republic Nr. 246/1992.

At the age of three months, mice were implanted with intra-
cerebroventricular (i.c.v.) cannulas. Briefly, mice were anesthe-
tized with an intraperitoneal (i.p.) injection of ketamine/
xylazine (100 mg/kg ketamine, 16 mg/kg xylazine, Spofa,
Prague, Czech Republic). Once anesthesia had been established,
the head of the mouse was fixed in a stereotaxic frame and a
single guide cannula (26 gauge, Plastics One Inc., Roanoke,
VA, USA) was implanted just above the third ventricle (AP
2 mm, V 3 mm). A stainless steel screw was attached to the skull
and the cannula was fixed in place using Duracrol resin (Spofa-
Dental, Prague, Czech Republic) applied around the screw and
cannula. An appropriate dummy cannula (Plastics One Inc.) was
inserted into the cannula to prevent blockage. Animals were
placed into separate cages and allowed at least seven days to
recover from surgery before being used in the experiment.

For three days before the food intake experiment, mice were
fasted overnight with access to food from 8:00 to 15:00 h and

free access to water for 24 h. The amount of food consumed was
monitored. On the day of the experiment at 8:00, fasted mice
were injected i.c.v. with 5 pl of saline or CART(61-102) at
doses 0.5 and 1 pg/5 pl or I,-CART(61-102) at a dose 1 pg/S ul
(all dissolved in saline), using an infusion pump. All solutions
were infused in 20 s and the infusion cannula was left in place
for a further 20 s to prevent reflux. Fifteen min after injection,
mice were given weighed food pellets. The pellets were
replaced with fresh ones every 30 min and weighed. Animals
had free access to water during the experiment. The results are
expressed in grams of food consumed. The placement of
cannula was verified histologically after the experiment.

2.3. Cell culture

Rat pheochromocytoma cell line PC12 was from ATCC
(Manassas, VA, USA). The cells were grown in RPMI 1640
medium (Sigma, St. Luis, MO, USA) supplemented with
10% horse serum, 5% fetal bovine serum, 4.5 g/l glucose,
1 mM sodium pyruvate, 10 mM HEPES, 2 mM L-glutamine,
1.5 g/l sodium bicarbonate, pH 7.4, and passaged once a
week to maintain the cells in exponential growth. For binding
studies, cells were seeded on polyethylene imine-coated 24-
well plates (Corning, NY, USA), diameter 15 mm/well. To
reach the density of 5x 10° cells/well that was found optimal
for binding experiments, non-differentiated cells were al-
lowed to grow for 2 days. Differentiation of cells was per-
formed by the addition of the nerve growth factor (NGF,
50 ng/ml of medium) to the fresh medium on days 1, 3, and §.
On day 7, the cells at a density of 5 x 10° cells/well were used
in the experiment. The differentiation was checked micro-
scopically and the number of cells/well was counted before
and after the experiment.

2.4. Binding to intact plated cells

Saturation and competition binding experiments were per-
formed according to Motulsky and Neubig (1997). Plated cells
were incubated with 0.25-16 nM ['*’I]-CART(61-102) in
saturation experiments or with 0.1 nM ['?*I]-CART(61-102) and
107 "'-107° M non-radioactive ligands in competitive binding
experiments, in a total volume of 0.25 ml of binding buffer
(20 mM HEPES buffer pH 7.4, 118 mM NacCl, 4.7 mM KCl and
5 mM MgCl,, 5.5 mM glucose, 1 mg/ml BSA, and 0.1 mg/ml
basic pancreatic trypsin inhibitor) for 30 min at 37 °C. Non-
specific binding was determined using CART(61-102) in
concentrations 10°% M (competitive experiments) or
2x107® M (saturation experiments). After incubation, cells
were washed and then solubilized in 0.1 N NaOH. Bound
radioactivity was determined by <-counting (Wizard 1470
Automatic Gamma Counter, Perkin Elmer, Wellesley, MA,
USA). The total binding was 2—5% of the radioactivity added.
Non-specific binding in competitive binding experiments
amounted to less than 15% of the total binding unless otherwise
stated. Experiments were carried out in triplicates at least three
times. For competition experiments, CART(55-102) and CART
(61-102) from Bachem (Bubendorf, Switzerland), and di-
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Fig. 1. Effect of CART(61-102) and I,-CART(61-102) on food intake of
overnight fasted mice. CART(61-102) was administered i.c.v. in doses of 0.5
and | pg/mouse and I,-CART(61-102) in a dose of 1 pg/mouse. Food intake was
monitored 45 and 75 min after injection and is expressed in grams of food
consumed. Significance is *P<0.05, **P<0.01 and ***P<0.001 versus the
respective saline-treated group (n=6-8 mice per group). #P<0.01 versus group
treated with CART(61-102), 1 pg/mouse.

iodinated CART(61-102) (I,-CART(61-102), see the second
paragraph above) were used.

2.5. Binding to cell membranes

Cell membranes from non-differentiated PC12 cells were
isolated from cells stored frozen at —70 °C. The cells were
suspended in 20 mM HEPES, pH 7.4, with 2 mM EDTA,
homogenized with a Teflon-glass homogenizer and centrifuged
at 500 xg for 10 min. The supernatant was centrifuged at
100000 xg for 45 min, the sediment was re-suspended and its
aliquots stored at —70 °C.

Binding experiments were performed with 12.5-100 pg of
membrane protein in a total volume of 0.25 ml under conditions
described in the previous paragraph for the intact cells, only
glucose was omitted in the binding buffer. Binding was termi-
nated by quick filtration in a Brandel cell harvester (Biochemical
and Development Laboratories, Gaithersburg, MD, USA). The
total binding was 3-10% of the radioactivity added. Non-
specific binding in competitive binding experiments amounted
to less than 15% of the total binding unless otherwise stated. The
assays were performed in duplicates at least three times.
Competitive binding of ['*1)-CART(61-102) with cholecysto-
kinin octapeptide (CCK-8, Neosystem, Strasbourg, France), o-
melanocyte stimulating hormone (a-MSH), thyroxin releasing
hormone (TRH), angiotensin II (ATII), neurotensin (NT) and
leptin (Sigma, St. Luis, MO, USA) was also tested.

This procedure was also used in the competitive binding
experiment to floating intact cells, only the binding buffer
contained glucose. Floating cells were cells that were detached
from the support before passaging.

2.6. Analysis of binding data and statistics
Data are presented as means+S.E.M. of 3—-6 independent

experiments. Saturation and competitive binding curves were
plotted using Graph-Pad Software (San Diego, CA, USA)

comparing the best fit for single or two binding site models (Kj,
Biax and ICsq values were obtained from non-linear regression
analysis). Inhibition constants (K;) were calculated from ICs,
using Cheng—Prusoff equation (Chang and Cheng, 1978).

Food intake data were analyzed by one-way ANOVA
(analysis of variance) followed by Tukey post hoc test using
Graph-Pad Software; P<0.05 was considered statistically
significant.

3. Results
3.1. Iodination of CART(61-102)

CART(61-102) was mono-iodinated with radioactive and
stable isotope. One major peak was found both in radioactive
and non-radioactive preparation; it was identified as mono-
iodinated peptide by mass spectrometry. By HPLC analysis,
['%1)-CART(61-102) was proven to stay stable under condi-
tions of the binding experiments (results not shown).

To prove that iodination did not eliminate the biological
activity of CART, we needed a rather high amount of non-
radioactive iodinated CART(61-102). As it was easier to
prepare the di-iodinated derivative, we decided to use non-
labeled di-iodinated CART(61-102) in our experiments. Its
molecular weight was confirmed by mass spectrometry.

3.2. Biological activity of 1,-CART(61-102)

CART(61-102) administered i.c.v. lowered food intake in
fasted mice significantly and dose-dependently (see Fig. 1) until
about 120 min after injection, with the highest effect measured
45 and 75 min after injection. I,-CART(61-102) at the dose of
1 pg/mouse reduced food intake to 67% of food intake of saline-
treated group; this value was significantly different from the
food intake after administration of CART(61-102), dose 1 pg/
mouse (Fig. 1).

3.3. Optimization of binding experiments

In binding experiments to PC12 cell membranes, specific
binding of ['*’I-CART(61-102) at 37 °C was linear from

Table 1
Displacement of ['*I]-CART(61-102) binding by CART peptides on PC12 cells
Peptide K; (nM)

Membranes from Non- Differentiated

non-differentiated differentiated cells on plates
cells cells on plates
CART(61-102) 2.99+0.65 13.61+£2.62 8.01+2.14
CART(55-102) 2.98+0.33 12.94£1.65 5.40+0.44
I,-CART(61-102) 1.27+0.20 3.00+0.89 4.46+1.05
CCK-8, a-MSH, >10000
TRH, AT II, NT,

leptin

Mean=S.E.M. of three to six separate experiments.

K; was calculated using Cheng—Prusoff equation (concentration of the
radioligand was 0.1 nM and K, taken from saturation experiments was
0.48 nM for non-differentiated cells and 1.90 nM for differentiated cells).
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12.5 pg to 100 pg of protein. It reached the maximum at 15 min
and remained constant at least for the next 100 min. Binding of
['**I]-CART(61-102) to floating PC12 cells at 37 °C was linear
in a range of 1.25x10° to 10° cells/tube, the binding reached
maximum at 15 min and was constant at least for an additional
60 min. Specific binding at 4 °C reached the maximum at
60 min and was constant for further 4 h of incubation; non-
specific binding at this temperature, however, amounted to 40%
of total binding.

After optimization of binding conditions, 30 min incubation
at 37 °C with 50 pg of protein (cell membranes) or 5 x 105 cells
(floating or plated intact cells) was routinely used.

3.4. Competitive binding to non-differentiated PC12 cells and
cell membranes

CART(61-102), CART(55-102), and I,-CART(61-102)
competed with ['2°[]-CART(61-102) for binding to PC12 cell
membranes with K; in the low nM range (see Table 1). Non-
related peptides such as CCK-8, a-MSH, TRH, AT II,
neurotensin, and leptin did not displace ['*°I]-CART(61-102)
bindsing to the cell membranes even at a concentration of
107° M.

Specific binding of ['2°I)}-CART(61-102) to floating cells
was displaced by CART(61-102) with K;=3.00+0.51 nM.

In competitive binding experiments to plated PC12 cells,
non-differentiated cells bound CART(61-102) and CART(55-
102) with K; in low 10”® M range and I,-CART(61-102) in
107° M range (see Table 1).

3.5. Saturation binding to non-differentiated PC12 cells and
cell membranes

The saturable, specific binding of ['*°I]-CART(61-102) to
non-differentiated plated PC12 cells exhibited Ky of 0.48+
0.16 nM and B, 2228+529 binding sites/cell. Non-specific
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Fig. 2. ['*I)-CART(61-102) saturation binding to non-differentiated PC12 cells
on plates (in all experiments, 5x 10° cells/well were used). The cells were
incubated at 37 °C for 30 min with increasing amount of ['>*I}-CART(61-102) in
the absence (total binding) or presence (non-specific binding) of 2x 10™°M
CART(61-102). Specific binding was calculated by subtracting the nonspecific
from total binding. Binding curves were plotted using nonlinear regression. The
figure is a representative example of five experiments carried out in triplicates.
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Fig. 3. ['**I]-CART(61-102) saturation binding to NGF-differentiated PC12
cells on plates (in all experiments, 5 x 10° cells/well were used). The cellis were
incubated at 37 °C for 30 min with increasing amount of ['’I]-CART(61-102) in
the absence (total binding) or presence (non-specific binding) of 2x10™°M
CART(61-102). Specific binding was calculated by subtracting the nonspecific
from total binding. Binding curves were plotted using nonlinear regression. The
figure is a representative example of three experiments carried out in triplicates.

binding was about 40% and never exceeded 50% of the total
binding. Non-linear regression analysis showed one binding site
(see Fig. 2). The saturation binding to cell membranes gave K4
of 0.60+0.16 nM and B,,,x 15518 fmol/mg of membrane
protein, but the non-specific binding slightly exceeded 50% of
the total binding.

3.6. Differentiation of PC12 cells

The PC12 cell line was successfully differentiated using
NGF treatment to the neuronal phenotype, as described earlier
(Greene and Tischler, 1976). A fully developed net of neurons
and axons was clearly visible using a phase contrast
microscope. CART(61-102), CART(55-102) and I,-CART(61-
102) were bound to differentiated cells with K; comparable with
that of non-differentiated cells (Table 1).

3.7. Saturation binding to differentiated plated PC12 cells

The specific binding of ['*I]-CART(61-102) to non-differ-
entiated plated PC12 cells was saturable, with non-specific
binding less than 20%, with K4 1.90+0.27 nM, and B, 11194+
261 binding sites/cell (Fig. 3).

4. Discussion

The CART receptor molecule(s) has not been characterized
yet. Binding studies using radiolabeled CART were mostly
unsuccessful due to the high background attributed to disruption
of the binding site of the active ligand during the iodination
reaction (Keller et al., 2006; Vicentic et al., 2006). Just recently,
specific binding of 'I-CART (61-102) to AtT20 mouse
pituitary tumor cells has been reported (Vicentic et al., 2005,
2006) and linked to CART-induced activation of the extra-
cellular signal-regulated kinase (ERK) pathway via a putative
G-protein-coupled receptor (Lakatos et al., 2005).
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Lakatos et al. (2005) registered a negligible response to
CART(55-102) in pheochromocytoma PC12 in terms of ERK
phosphorylation. However, dense CART immunostaining was
reported in chromaffin cells of adrenal medulla (Dun et al.,
2006) and thus could also be expected in PC12 cells because the
line is derived from chromaffin cells and keeps the original
character.

In our competition binding experiments with cell membranes
and intact floating PC12 cells, the equilibrium binding was
reached already after 15 min and was stable at least for the next
60 min. CART(61-102), CART(55-102) and 1,-CART(61-102)
were bound to cell membranes with a similar affinity in a low
nM range and to plated non-differentiated and differentiated
cells with a lower affinity than to cell membranes (Table 1).

The di-iodinated derivative of CART had the highest binding
affinity of all tested ligands both to cell membranes and plated
non-differentiated and differentiated PC12 cells. It is not a rare
phenomenon that iodinated compounds have higher affinity to
the receptors than non-iodinated ones. Enhancement of ligand
affinity after iodination has already been described in the
literature, e.g. for the specific oxytocin receptor antagonist
(Elands et al., 1988).

In this study, all Ky and B, determined were in usual
common range (Motulsky and Neubig, 1997). ['**I]-CART(61-
102) was specifically bound to intact plated non-differentiated
PC12 cells, with K4 0.48+0.16 nM (Fig. 2). The results of the
saturation experiment with cell membranes confirmed the Ky
value. Under identical experimental conditions ['**I)-CART
(61-102) was specifically bound to differentiated PC12 cells
with K4 1.90+0.27 nM (Fig. 3). Differentiated cells displayed
lower non-specific binding than non-differentiated cells (20%
versus 40%). We calculated that if non-specific binding to
non-differentiated cells were also 20%, K, for non-differenti-
ated would have been similar to the value for differentiated
cells. In AtT20 pituitary tumor cells, specific binding of ['*°I}-
CART(61-102) with K, only of 21.9+8.0 pM was reported
(Vicentic et al., 2005). It could be explained by the fact that
binding experiments with AtT20 cells were done at 4 °C while
ours with PC12 cells at 37 °C.

Interestingly, Bpn.x for differentiated cells, 11,194+261
binding sites/cell (Fig. 3), was 5 times higher than B,,,, for
non-differentiated cells, 2228+ 529 binding sites/cell (Fig. 2).

Detection of CART peptide binding sites in both non-
differentiated and differentiated PC12 cells pointed to a possible
role of CART in the sympatho—adreno—medullar system (Dun
et al., 2006) and in response to stress (Koylu et al., 2006).

We have not succeeded in detecting any specific ['*°I]-
CART (61-102) binding to dissociated cells and cell membranes
of hypothalamus and gastrointestinal tract or to stable neuroglial
cell line NG 108-15 (not shown). The reason might be the
presence of different CART receptor(s) in normal and tumor
cells or much lower density of the binding sites in tissues than in
cultured cells.

Using feeding test with mice, we confirmed partial pre-
servation of the biological activity of CART(61-102) after its
iodination (Fig. 1). ,-CART(61-102) in a dose of 1 pg/mouse
lowered food intake to the same extent as CART(61-102) in a

dose of 0.5 pg/mouse. Together with the specific binding of
['#I1]-CART(61-102) to PCI12 cells, it proved that ['*’I}-
radiolabeling did not change to a great extent the pharmaco-
logical properties of CART.

The finding of binding sites for ['**I}-CART(61-102) on
PC12 cells, both non-differentiated and differentiated, and the
fact that di-iodinated CART(61-102) retained biological activity
could be used in further studies aiming at characterization of
potential CART receptor molecule(s).
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