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1. ABBREVIATIONS

AC — adenylate cyclase

BPM — bulk of plasma membranes

DRM - detergent-resistant membrane domain

CAMP — cyclic adenosine monophosphate

EDTA — Ethylenediaminetetraacetic acid

GABA- y—aminobutyric acid

GDP — guanozine diphosphate

GPCR — G protein coupled receptor

a—GPDH — o—glycerolphosphate

GSH/GSSG - reduced glutathione/oxidised glutathione

GTP — guanozine triphosphate

IP; — inositol triphosphate

HEK293 — human embryonal kidney cells

HEPES — 4—(2-hydroxyethyl)-1—piperazineethanesulfonic acid
HPLC - high performance liquid chromatography

mGIuR — metabotropic glutamate receptor

nAChR — nicotinic acetylcholine receptor

LPM — low density membrane fragments

LFP — lipofuscin-like pigments

MDCK — Madin-Darby canine kidney cells

PM — plasma membranes

PNS — post—nuclear supernatant

rpm — rounds per minute

ROS - reactive oxygen species

SKF — 1-[2—(4—methoxyphenyl)-2—[3—(4—-methoxyphenyl)propoxy]ethyl]imidazole
SDH — succinate dehydrogenase

TM — transmembrane

Tris — tris—(hydromethyl)—aminomethan

VIP-PACAP - vasoactive intestinal peptide — pituitary adenylate cyclase—activating
polypeptide



1. ZKRATKY

AC — adenylatcyklaza

BPM — shluk plasmatickych membran

DRM — detergentiim odolné membranové domény

CAMP — cyklicky adenosinmonofosfat

EDTA — kyselina ethylendiamintetraoctova

GABA- gyselina y-aminomaselna

GDP — guanosindifosfat

GPCR — receptor sptfazeny s G proteinem

a—GPDH — a—glycerolfosfat

GSH/GSSG - redukovany glutathion/oxidovany glutathione

GTP — guanosindifosfat

IP3 — inositoltrisfosfat

HEK?293 — lidské embrionalni ledvinové buiky

HEPES — kyselina 4—(2—hydroxyethyl)-1—piperazine—ethan sulfonova
HPLC — vysokotcinna kapalinova chromatografie

MGIUR — metabotropny glutamatovy receptor

NAChR — nikotinovy acetylcholinovy receptor

LPM — nizkohustotni membranové fragmenty

LFP — lipofuscinové pigmenty

MDCK — Madin—Darbyho psi ledvinové bunky

PM — plasmatické membrany

PNS — post-nuklearni supernatant

rpm — otacky za minutu

ROS - reaktivni slouceniny kysliku

SKF — 1-[2—(4—methoxyfenyl)-2—[3—(4—methoxyfenyl)propoxy]ethyl]imidazol
SDH — sukcinatdehydrogenaza

TM — transmembranovy

Tris — tris—(hydromethyl)—aminomethan

VIP-PACAP — vazoaktivni stievni peptid — hypofyzni polypeptid aktivujici adenylatcyclazu



2. SUMMARY

In this work, the detailed analysis of GABAg—R/G protein coupling in the course of pre—
and postnatal development of rat brain cortex indicated the significant intrinsic efficacy of
GABAGg-receptors already shortly after the birth: at postnatal day 1 and 2. Subsequently, both
baclofen and SKF97541-stimulated G protein activity, measured as the high—affinity
[*°S]GTPyS binding, was increased. The highest level of agonist-stimulated [*S]GTPyS
binding was detected at postnatal days 14 and 15. In older rats, the efficacy, i.e. the maximum
response of baclofen— and SKF97541-stimulated [*°*S]GTPyS binding was continuously
decreased so, that the level in adult, 90—days old rats was not different from that in newborn
animals.

The potency of G protein response to baclofen stimulation, characterized by ECs
values, was also high at birth but unchanged by further development. The individual variance
among the agonists was observed in this respect, as the potency of SKF97541 response was
decreased when compared in 2—days old and adult rats.

The highest plasma membrane density of GABAg-R, determined by saturation binding
assay with specific antagonist [PH]JCGP54626AA, was observed in 1-day old animals. The
further development was reflected in decrease of receptor number. The adult level was ~3—
fold lower than in new born rats.

The ontogenetic development of Na'/K'—ATPase, which was used as marker of the
overall brain development, was completely different from that observed in the study of
GABAg-R-signaling cascade: plasma membrane density of Na'/K'-ATPase was
continuously increased in the course of the whole postnatal period; the adult level was ~3—
fold higher than in new born (1-day—old) rats.

The high level of lipofuscin like pigments (LFP) was generated in rat brain cortex
during the first 5 days of postnatal life. Maximum level of LFP was detected on the postnatal
day 2. Starting from the postnatal day 10, LFP concentration returned down to the prenatal
level. A new rise in LFP concentration was observed in 90—days old animals. This second
increase of LFP may indicate the beginning of the aging process in rat brain cortex.



2. SHRNUTI

Byla provedena detailni analyza spifazeni GABAg—R s G proteinem béhem prenatalniho
a postnatalniho vyvoje mozkové kury potkana, kterd ukazala vyznamnou vnitini u¢innost
GABAg—R hned po narozeni (1. a 2. den). Nasledné¢ byla zjiSténa stimulovana funkéni
aktivita G proteini baclofenem i SKF97541 (agonist¢ GABAg—R), ktera byla méfena pomoci
vazby [358] GTPyS, jejiz nejvyssi hodnota byla detekovana béhem 14. a 15. dne postnatalniho
vyvoje. Uginnost, tj. maximalni odpovéd baclofenem a SKF97541 stimulované vazby [*°S]
GTPyS, se u starSich potkant stale snizovala tak, Ze jeji hodnota méfend u devadesatidennich
potkant se neliSila od hodnot u novorezenych zvifat.

Velikost odpovédi G proteinti na stimulaci baclofenem (vyjadiena jako ECsp) byla také
zvySena po narozeni a béhem dal$iho vyvoje se neménila. Na rozdil od baclofenu se sila
odpovédi SKF97541 zmensSovala (pfi porovnani dvoudennich mlad’at a dospélych potkanit).

Nejvyssi zastoupeni GABAg—R V plazmatické membrané stanovené pomoci saturacnich
vazebnych pokusii s pouzitim specifického antagonisty [°H] CGP54626AA bylo detekovéano u
jednodennich zvitat. Dalsi vyvoj byl charakterizovan sniZenim poctu receptori. Ve srovnani
S novorozenymi potkany byla hladina u dospélych jedincti 3x nizsi.

Ontogeneticky vyvoj Na'/K'—~ATPazy (ktera slouzi jako standard celkového vyvoje
mozku) se zcela liSil ve srovnani s vyvojem signaliza¢ni kaskddy GABAg—R: mnozstvi
Na'/K'-ATPazy ve frakcich plazmatickych membran se neustale zvySovalo v priibéhu celé
ontogeneze; hladina u dospélych zvitat byla az 3x vyssi nez u mlad’at.

V mozkové kiie se vytvarela vysoka hladina lipofuscinovych pigmenti (LFP) béhem
prvnich péti dnti od narozeni. Maximalni mnozstvi LFP bylo detekovano u dvoudennich
zvitat. Po 10 dnech se koncentrace LFP vratila na prenatalni hodnotu. Novy vzestup LFP byl
zaznamenan u devadesatidennich potkant. Toto dalsi zvySeni obsahu LFP miize ptredstavovat
zacatek procesu starnuti mozkové kiry potkana.



3. INTRODUCTION

The extracellular signals such as the light, hormones, neurotransmitters, pheromones,
odorants and also Ca®" cations interact with and bind to the large family of the plasma
membrane receptors which are functionally coupled with guanine—nucleotide binding
regulatory proteins (G proteins), G protein—coupled receptors. Three main families of GPCRs
were recognized by comparison of amino—acid sequences of individual receptor proteins.

The main inhibitory system in the brain uses y—aminobutyric acid (GABA) as a
transmitter. y—aminobutyric acid binds to three types of receptors — GABAa (Olsen and
Venter, 1986), GABAg (Bowery et al., 1989, 1991, 1993) and GABA¢ (Bormann and
Feigenspan, 1995). GABAA receptor is a part of supra—molecular complex GABAA chloride
ionophore and a consequence of its activation is opening of chloride channel and
hyperpolarization of membrane potential (Olsen and Venter, 1986). A subclass of ionotropic
GABA receptors, insensitive to the allosteric modulators of GABAA receptor channels such as
barbiturates or benzodiazepines, was designated GABA receptor.

GABAg receptors were pharmacologically distinguished from GABAAa receptors as
bicuculine—insensitive sites for GABA for which specific agonist is (—)—baclofen (Hill and
Bowery (1981), Bowery et al., (1983, 1984, 1985, 1987), Hill (1985)). GABAg-receptors
modulate their effectors via the activated free Ga and Gy subunits released from trimeric
Gofy complex.

Various density gradient media were developed for cell fractionation and organelle
isolation. These media, if possible, should not alter the cells or particles to be separated and
should provide a proper density range for separation of one type of cells (or subcellular)
membrane particles from another. The difficulties which have to be overcomed when viewed
from the general point of view are represented by toxicity, osmotic pressure changes and
penetration of a given chemical used for preparation density gradient medium into the
particles which are being isolated or separated from each other (Rickwood, 1984).

Given these circumstances and in order to understand the profile of GABAg-R’
development as well as formation of LFP in frontal rat brain cortex in the neonatal period and
during the early postnatal period more clearly, all the actual work has been done.

LFP represent the end—products of reactions involving free radical attack on biological
molecules and can be formed, for example, in reactions between lipid peroxidation products,
mainly unsaturated aldehydes, with compounds containing free amino groups. Although the
mechanism of their formation and chemical identity has been revealed in many in vitro
studies, the formation of LFP were not being analyzed before in the detailed manner, i.e. on
the day by day basis.



3. UVOD

Extracelularni signaly — svétlo, hormony, neurotransmitery, feromony, aromatické latky
a také kationty Ca*" interaguji a vazi se na velkou rodinu plazmatickych membranovych
receptort, které jsou funkéné spojené s regula¢nimi proteiny (G proteiny), — receptory
sprazené s G proteinem. Pii porovnani sekvenci aminokyselin jednotlivych receptorovych
proteint, byly popsany tii hlavni rodiny GPCR.

Hlavni inhibi¢ni systém v mozku pouziva jako transmitter kyselinu y—aminomaselnou
(GABA). Kyselina y—aminomaselna se vaze na tfi typy receptori: GABAA (Olsen a Venter,
1986), GABAg (Bowery et al., 1989, 1991, 1993) a GABA: (Bormann a Feigenspan, 1995).
GABA, receptor je soucasti supra—molekularniho komplexu chloridového ionoforu,
disledkem jeho aktivace je otevieni chloridovych kanalti a hyperpolarizace membranového
potencialu (Olsen a Venter, 1986). Podtfida ionotropnich GABA receptort, necitlivych viici
alosterickym modulatorim GABAA, kanali (napf. barbituratim nebo benzodiazepinum), byla
oznacena jako GABA( receptory.

GABAg receptory byly farmakologicky odliseny od GABAA receptort jako necitlivé
vici bikukulinu mista pro GABA, pro ktery je specificky agonista (—)—baclofen (Hill and
Bowery (1981), Bowery et al., (1983, 1984, 1985, 1987), Hill (1985)). GABAg receptory
moduluji jejich efektory prostfednictvim aktivovanych volnych Go a GPy podjednotek
uvolnénych z trimerniho Gafy komplexu.

Pro bunécnou frakcionaci a izolaci organel byly vyvinuty rtizné hustotni gradienty.
Média, pokud je to mozné, by nemély ovliviiovat buiiky nebo ¢éstice, které¢ maji byt oddélene
a mé&ly by zajistit fadny rozsah hustoty pro separaci jednoho typu bunék (nebo subbunéénych)
membranovych ¢astic od druhého. Pti pohledu z obecného hlediska, potize, které¢ by mély byt
prekonane jsou nasledujici: toxicita, osmotické zmény tlaku, penetrace uvedené chemické
latky (pouzivané pro ptipravu hustotniho gradientu) do ¢astic, které jsou izolovany nebo od
sebe oddélovane (Rickwood, 1984).

S ohledem na tyto okolnosti a za t¢elem porozuméni vyvojového profilu GABAB-R,
stejné jako tvorby LFP ve frontalni mozkové kiry potkana v novorozeneckém obdobi a
béhem casného postnatalniho obdobi, byla udélana tato prace.

LFP pfedstavuji koncové produkty reakci zahrnujicich utok volnych radikald na
biologické molekuly a muzou byt vytvoieny, naptiklad, v reakcich mezi produkty peroxidace
lipidi hlavné nenasycenych aldehydt), se slou¢eninami, které obsahuji volné aminoskupiny. |
kdyz mechanismus jejich vzniku a chemicka identita byly zjisténe v mnoha in vitro studiich,
tvorba LFP jesté nebyla analyzovana detailnim zptisobem, tedy den po dni.



4. AIMS OF THE THESIS

1) to improve and refine the method for isolation of plasma membrane fraction (PM) from frontal

brain cortex.
The main problem in the past was to find an optimum compromise between the amount of
protein applied per density gradient and the purity of PM preparation. Application of the high
amount of protein in post-nuclear fraction (PNS) resulted in PM contaminated to the higher or
lower degree by mitochondrial fragments. Furthermore, the recovery of PM protein, when
compared with the starting homogenate or post-nuclear fraction, was not always reproducible
and standard. The improved method was subsequently used for studies of opioid— and GABAg—
receptor signaling in frontal brain cortex (Bourova et al., 2010; Ujcikova et al., 2011, Ujcikova
etal., 2014).

2) to introduce the new method for determination of the number of GABAg-R in PM prepared

form the frontal rat brain cortex.
This can not be done by radiolabelled GABA itself because of the low—affinity of GABA for
these receptors. Therefore, | have introduced the two radioligands, agonist [*H]baclofen and
antagonist [*H]CGP54626A, carried out the direct saturation binding assays with increasing
concentrations of these specific and highly radioactive ligands and determined the maximum
number (Bmax) and dissociation constant (Kd) of their binding sites in various PM preparations
(Kagan et al., 2012). The Bmax values of [*H]baclofen— and [*H]CGP54626A—binding in PM
were determined in parallel with [*H]ouabain binding, which was used as an estimate of PM
density of prototypical PM marker, Na'/K'—~ATPase (Dlouha et al., 2013). PM content of
Na'/K*—-ATPase was also used as a general marker of forebrain cortex development and
maturation of PM protein composition.

3) determination of the number of GABAg-receptors at different stages of ontogenetic
development is not sufficient as the primary signal represented by binding of GABA to receptor sites
oriented at the extracellular side of plasma membrane is transmitted into the cell interior by trimeric G
proteins. These proteins transmit the signal further down-stream but also terminate and regulate the
functioning of GABAg-R pathway.
For this third aim of my work | used the high—affinity [**S]JGTPyS binding assay adapted to
analysis of the brain tissue. This methodological improvement was based on the usage of
relatively high GDP concentrations (20-30 uM) which suppressed the high basal level of
[**S]GTPyS binding (Bourova et al., 2010; Kagan et al., 2012).

4) to compare the ontogenetic profile of baclofen— and SKF—stimulated [**S]GTPyS binding with
the aim to define even the small difference between these two agents when stimulating the cognate G
proteins.
Potent GABAg—R agonist SKF97541 was described as a useful agent in treatment of at least
some forms of epileptic seizures. The highest level of agonist—stimulated [**S]GTPyS binding
was detected at postnatal days 14 and 15. But, the effect of these two agonists on functional
activity of GABAg-R in the course of postnatal period was not the completely same (Kagan et
al., 2012).

5) to study the formation of lipofuscin—like pigments (LFP) in frontal rat brain cortex in the

neonatal period and during the early postnatal period.
The generation of LFP represents an important marker of oxidative damage of the brain tissue
by free oxygen radicals. Analysis of LFP was made first in the whole tissue homogenates
(Wilhelm et al., 2011), subsequently, LFP were determined in different subcellular membrane
fractions: nuclear sediment, post—nuclear supernatant, mitochondria, microsomes, crude plasma
membranes and cytosol. The results indicate that the highest accumulation of oxidative
products takes place immediately after the birth; our results also indicate that brain LFP
constitute a complex mixture of many chemical compounds whose composition is changing
during development.

10



4. CiLE DIZERTACNI PRACE

1) zlepsit a zdokonalit metodu izolace frakce plasmatickych membran z pfedni mozkové kiry.

Hlavnim problémem v minulosti bylo najit optimalni kompromis mezi mnozstvim aplikované
na hustotni gradient bilkoviny a Cistotou piipravovanych PM. Aplikace vysokého mnozstvi bilkoviny v
post-nuklearni frakci vedlo k izolaci PM kontaminovanych do vyssi nebo nizsi miry mitochondrialnimi
fragmenty. Kromé toho, znovuziskani PM proteinu ve srovnani s vychozim homogenatem nebo post—
nuklearni frakci nebylo vzdy reprodukovatelné a standardni. Vylepsena technika byla nasledné pouzita
pro studium opioidnich a GABAg-receptort ve frontalni mozkové kure (Bourova et al., 2010; Ujcikova
etal., 2011, Ujcikova et al., 2014.).

2) zavést novou metodu pro stanoveni poétu GABAg—R v PM ptipravenych z pfedni mozkové

kiry potkana.
Toto nemiiZze byt provedeno radioaktivné znacenou GABA samotnou vzhledem k nizké afinité
GABA vici témto receptorim. Proto jsem zavedl ptimé saturaéni vazebné studie se zvySujicimi
se koncentracemi specifickych a vysoce radioaktivnich liganda (agonisty [*H]baclofenu and
antagonisty [PH]CGP54626A) a ur¢il jsem maximalni poget (Bmax) a disociaéni konstantu
(Kd) jejich vazebnych mist v piipravenych PM (Kagan et al., 2012). Hodnoty Bmax pro vazbu
[*H]baclofenu a [*H]CGP54626A v PM byly stanoveny paralelné s [3H]ouabainovou vazbou,
ktera byla pouzita jako odhad hustoty PM prototypickym PM markerem, Na‘/K'—~ATPazou
(Dlouha et al., 2012). Obsah Na'/K'-ATPazy byl také pouzit jako obecny marker vyvoje
pfedni mozkové kliry a zrani proteinového slozeni PM.

3) stanoveni poctu GABAg—receptorti v riznych fazich ontogenetického vyvoje neni dostacujici
protoZe primarni signal (prezentovany vazbou GABA na mista, ktera se nachazi na extracelularni
strané plazmatické membrany), se ptenasi do nitra buiiky pomoci trimernich G proteint. Tyto proteiny
prenaseji signal dale, ale také ukoncuji a reguluji fungovani signalni drahy GABAg-R.
Pro tento titeti cil své prace jsem pouzil vysokoafinni [®S]GTPyS vazebné studie
prizplsobené analyze mozkové tkané. Toto metodické zlepSeni bylo zalozeno na pouziti
relativné vysokych koncentraci GDP (20-30 uM), které potlauje vysokou bazalni uroven
[**S]GTPyS vazby (Bourova et al., 2010; Kagan et al., 2012).

4) srovnat ontogeneticky profil baclofenem a SKF97541 stimulované [*°S]GTPyS vazby s cilem
definovat i maly rozdil mezi témito dvéma Cinidly pii stimulaci pfibuznych G proteinu.
Potentni GABAg—R agonist SKF97541 byl popsan jako uzite¢ny prostiedek pti 16€bé alespon
nékterych formem epileptickych zachvati. Maximalni baclofenem a SKF97541 stimulovana
vazba [*S]GTPyS byla detekovana béhem 14. a 15. dne po narozeni. Aviak, u¢inek téchto
dvou agonistii na funk¢ni aktivitu z GABAg-R v pribéhu postnatalniho vyvoje nebyl uplné
stejny (Kagan et al., 2012).

5) prozkoumat tvorbu lipofuscinovych pigmenti ve piedni mozkové kire Krys v novorozeneckém

a v casném postnatalnim obdobi.
Generace LFP predstavuje vyznamny marker oxida¢niho poSkozeni mozkové tkané volnymi
kyslikovymi radikaly. Analyza LFP byla provedena nejprve v celych tkanovych homogenatech
(Wilhelm et al., 2011.), nasledné LFP byly stanoveny v riznych subcelularnich membranovych
frakcich: jaderném sedimentu, post-nuklearnim supernatantu, mitochondriich, mikrosomech,
hrubych plazmatickych membranach a cytosolu. Vysledky ukazuji, ze nejvyssi koncentrace
oxida¢nich produktti se vyskytuje bezprostfedné¢ po porodu; nase vysledky také naznacuji, ze
LFP mozku predstavuji komplexni smés mnoha chemickych sloucenin, jejichz slozeni béhem
vyvoje Se méni.
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5. MATERIALS AND METHODS
MATERIALS

Experimental model: Rattus norvegicus var. Wistar

GABAg-receptor agonists baclofen (p—p—chlorophenyl-GABA), SKF97541 [3-
aminopropyl (methyl) phosphinic acid] and antagonist [?H]CGP54626A

[**S]GTPyS

[*H]ouabain

Complete protease inhibitor cocktail

METHODS

- Isolation of plasma membrane—enriched fraction from rat brain cortex

- Agonist-stimulated [**S]GTPyS binding (dose—responce and one—point assay)
- [PH]CGP54626A binding (saturation)

- Lowry method for protein determination

- Immunoblot analysis

- [*H]ouabain binding

- Fluorescent measurment of lipofuscin—like pigments

- HPLC analysis

12



5. MATERIALY A METODY

MATERIALY

Experimentalni model: Rattus norvegicus var. Wistar

Agonistt GABAg receptort baclofen (B—p-—chlorfenyl-GABA), SKF97541
[3-aminopropyl (methyl) fosfinové kyselina] a antagonista [°H] CGP54626A

[*°S]GTPyS

[*H]ouabain

Kompletni inhibitor proteaz

METODY

— lzolace frakce obohacené plasmatickymi membranami z mozkové kury potkana
- Agonistgl stimulovana vazba [**S]GTPyS (davka—odpovéd’ a jednobodovy test)
— Vazba [P'H]CGP54626A (saturace)

— Lowryho metoda pro stanoveni proteinti

— Imunoblotové analyza

—  Vazba [*H]ouabainu

— Fluorescen¢ni méteni LFP

— HPLC analyza

13



6. RESULTS
6.1. The ontogenetic development of GABAg—receptor signaling cascade

Baclofen exhibited the significant ability to increase the basal level of [*°S]GTPyS
binding measured in the absence of agonist (Bpasar) already in 2—day—old animals (PD2). This
ability was further increased in the course of the first two weeks of postnatal life (Fig. 1), but
virtually unchanged when viewed over the whole period of brain development as the averaged
dose—response curve measured in 2-days—old animals was not significantly different from
that measured in adult rats (90—days old). The basal level of [**S]GTPyS binding was also
significantly increased between PD2 and PD14 and subsequently decreased to the adult level.
The same result applied to the net—increment of agonist stimulation expressed as the
difference between baclofen—stimulated and the basal level of [*>S]GTPyS binding. The % of
baclofen—stimulation over the basal level of binding was unchanged.

The developmental alteration of dose-response curves of SKF97541-stimulated
[**S]GTPyS binding, analyzed in an independent set of PM preparations, was similar to that of
baclofen, however, a substantial difference between the two agonists was also noticed.
SKF97541 exhibited the significant ability to increase the basal level of [**S]GTPyS binding
already in 2—day—old animals. The maximum response of SKF97541 was increased between
PD2 (Bax = 1.13 pmol x mg ™) and PD14 (Bax = 1.71 pmol x mg ™) and further development
was reflected in decrease of SKF97541-stimulated [*S]GTPyS binding to the level in 90—
days—old animals (Bma = 1.08 pmol x mg™), which was not significantly different from that
in 2—days—old animals.

Fig. 1 Dose—response curves of baclofen and SKF97541-stimulated [*S]GTPyS
binding in PM isolated from 2—, 14— and 90—day—old rats
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Determination of the dose-response curves of baclofen— and SKF97541-stimulated
[**S]GTPyS binding in 1—, 15— and 90—days old rats was followed by the detailed analysis of
ontogenetic profile of agonist-stimulated G protein activity in fetuses (-1) and in PM
prepared from 1-, 2— 4—, 5, 9—, 10—, 14—, 15—, 25—, 30—, 35—, 42—, 47— and 90—days old rats.
Data presented in Fig. 2 indicated clearly the existence of maximum of baclofen— and
SKF97541-stimulated G protein activity at PD14 and PD15. Baclofen—stimulated,
SKF97541-stimulated and the basal level of [*°S]GTPyS binding in adult animals were not
significantly different from those detected in 2—days—old animals (PD2). Accordingly, the
peak value of [PH]JGABA binding was detected at PD14 in rat brain cortical slices by
quantitative autoradiography and this high level of [PH]JGABA binding subsequently declined
to the adult level (Turgeon and Albin, 1994).

Fig. 2 Baclofen— and SKF97541-stimulated [*>S]GTPyS binding; one—point assay
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Plasma membrane density of GABAg—R at different age intervals was determined by
saturation binding study with specific antagonist [*H]CGP54626A. Data presented in Fig. 3
indicated clearly that the highest PM density of GABAg-R, estimated as the maximum
binding capacity (Bmax) of [PH]JCGP54626A binding sites, was detected in PM samples
prepared from 1-day—old rats (2.27+0.08 pmol - mg™). The further development was
reflected in a marked decrease of [*H]CGP54626A binding as the Bpay values of 1.38+0.05
and 0.93+0.04 pmol - mg* were determined in PM isolated from 13— and 90-days old rats,
respectively. The dissociation constant (Kq) was increased from 11.8 nM (PD1) to 15.3 nM
(PD13) and 22.1 nM (PD90), indicating the decreased affinity and qualitative change of
GABAg-R binding sites towards this antagonist in the course of rat brain cortex maturation.
The decrease in affinity of [PH]CGP54626A binding (expressed as 1 / Kq ), observed together
with the decrease in affinity of SKF97541-response of G proteins (Fig. 1), suggests a partial
agonistic nature of [*H]CGP54626A interaction with GABAg—R which would be altered in
the course of brain cortex ontogenesis.

Fig. 3 Saturation of [°H]CGP54626A binding sites in PM isolated from 1-, 13— and
90-day-—old rats
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6.2. The ontogenetic development of oxidative damage of the brain; generation of
lipofuscin—like pigments (LFP)

6.2.1. Study of lipofuscin-like pigments in brain tissue homogenates.

The aim of our first study of LFP production in rat brain (Wilhelm at al., 2011) was to
get information about free oxygen radical damage proceeding in rat brain cortex before and
shortly after the birth. We have also analyzed the whole postnatal period up to the postnatal—
day—90 (PD90). Our studies were performed with the tissue homogenates prepared from
animals of different ages: group A, 7 days before birth; group B, 1 day before birth; group C,
postnatal day 1; group D, postnatal day 2; group E, postnatal day 5; group F, postnatal day
10; group G, postnatal day 15; group H, postnatal day 25; group I, postnatal day 35; group J,
90-days—old animals. For a detailed characterization of fluorescent properties of LFP, we
used the fluorescence spectroscopy methods comprising the 3—dimensional spectral arrays
with synchronous screening of the fluorescence spectra. Furthermore, the total LFP were
resolved into several fractions by means of chloroform-metanol 3 : 1 extraction followed by
HPLC with fluorescence detection.

We have shown that the brain LFP constitute a complex mixture of very many different
chemical compounds (fluorophores) whose composition is changing in the course of brain
development, Figs. 4, 5 and 6). Our results also indicated that the highest accumulation of
oxidative products in the forebrain, when tested by detection of LFP, occurred immediately
after the birth, at PD2 and PD4 (Fig. 5). This result may be interpreted as indication of the
high oxidative damage proceeding in rat brain shortly after the birth.
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Fig. 4 Examples of 3D-fluorescence excitation spectra determined in brain
chloroform extracts. (A) 7 days before birth, (D) 2 days after the birth, (J) 90 days after the
birth
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Fig. 5 Quantitative determination of three

spectra.
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Fig. 6 Examples of synchronous fluorescence spectra (left—hand panels) and their 2nd
derivatives (right—hand panels). (A) 7 days before the birth; (D) postnatal day 2; (E) postnatal
day 5; (J) 3 month old animals.
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6.2.2.  Study of lipofuscin—like pigments in subcellular membrane fractions.

The aim of our second study of LFP in the brain (Wilhelm et al., 2014; manuscript in
preparation) was to determine the ontogenetic development of LFP production in different
subcellular membrane fractions (post-nuclear fraction, mitochondria, miscrosomes, crude
plasma membranes, cytosol) and to compare the ontogenetic patterns observed in these
membranes with data obtained by analysis of the whole tissue homogenates. The LFP level in
fetuses was taken as a reference value corresponding to 100%. The LFP content in different
membrane fractions collected at different time intervals of brain development were expressed
as percentage of this value. The results are presented in Fig. 7.

Fig. 7 LFP levels in brain homogenate and subcellular fractions during development.
Foetal homogenate level was taken as 100%. Statistical significance: * P< 0.05, ** P< 0.01,
*** P<0.001
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Judged from an overall point of view, the results were in full accordance with our
previous study of tissue homogenates (Wilhelm et al. 2011). However, analysis of LFP in 5
subcellular fractions has also brought some unexpected observations. First, it was found that
the high LFP levels were detected already in the foetal brain in soluble fraction (220%) and in
crude plasma membrane fraction (CM) representing the mixture of vesicles derived from
plasma membrane and microsomes (282%), whilst the LFP level in other fractions was not
increased. The soluble fraction was still increased on PD1 (236%) and then returned to the
control level and stayed unchanged throughout the whole time scale of experiment. In the
soluble fraction, we might expect lipoproteins containing the oxidized lipids with
characteristics of LFP. Apparently, these lipoproteins are quickly decomposed after birth.

In “crude plasma membranes” containing the small vesicular fragments derived from
plasma membrane, endoplasmic reticulum and Golgi, the increased LFP level stayed until
PD8. This was a unique observation when compared with other membrane types, as the LFP
levels in other fractions were increased only up to PD2. Detection of this prolonged LFP
increase in CM might indicate a change of this cell structure proceeding well beyond the
birth.

LFPs in mitochondria were increased on PD1 (212%) and PD2 (152%). Afterwards,
they returned to normal levels and were further decreased on PD14 (70%) and PD60 (64%).
Thus, and as already noticed in our previous analysis of brain tissue homogenates (Wilhelm
et al., 2011), the increase of LFPs immediately after birth (PD1 and PD2) may be interpreted
as an indication of an intensive aerobic metabolism accompanied by free radical production
and consequent damage of membrane structures. The decrease of mitochondrial and nuclear
LFP in samples collected from older rats (PD8-PD14) might be an indication of the high
mitochondrial turnover proceeding in this period. The newly formed mitochondria, containing
the low amount of LFP appear and dilute the concentration of these substances in the whole
MITO fraction.

In nuclei, LFP was increased at PD1 (152%) and PD2 (215%). This increase was
followed by decrease below the control value observed at PD14 (58%), PD30 (82%) and
PD60 (65%). Nuclear membrane contains the electron transfer system analogical to that of
endoplasmic reticulum which can be the source of free radicals and LFP. In similarity to
mitochondria, the decrease of LFP level at PD8 and PD14 might be caused by an intensive
cell proliferation, when the newly formed nuclei, containing less LFP, are merged into the
overall pool detected in nuclear fraction.
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6. VYSLEDKY
6.1. Ontogeneticky VYyVoj signaliza¢ni kaskady GABAg-receptoru

Baclofen vykazoval vyznamnou schopnost zvySovat bazalni uroven vazby [3SS]GTPVS
(méfene v nepiitomnosti agonisty (Bpasal)) jiz u dvoudennich zvirat (PD2). Tato schopnost se
v priabéhu prvnich dvou tydna postnatalniho zivota dale zvysSovala (Obr. 1), ale v podstaté se
nemeénila pfi pohledu na celou dobu vyvoje mozku, protoze zprimérovana kiivka davka—
odpovéd’, zméfena u dvoudennich zvifat se vyznamné neliSila od zméfené u dospélych
potkanti (PD90). Bazalni trovei vazby [*>S]GTPyS byla také vyznamné zvysena mezi PD2 a
PD14 a nasledné se snizovala béhem vyvoje. Stejny vysledek vztahuje na prirastek (net-—
increment) stimulace agonistou, vyjadfeny jako rozdil mezi baclofenem stimulovanou
[**S]GTPyS vazbou a jeji bazalni urovni. % stimulace baclofenem nad bazalni Grovni se
nemeénily.

Vyvojova zména kiivek davka—odpoveéd’ pro SKF97541 stimulovanou [*S]GTPyS
vazbu, analyzovana v samostatn¢ piipravené sadé PM, byla podobna baclofenu, avsak
podstatny rozdil mezi témito dvéma agonisty byl také zaznamenan. SKF97541 vykazoval
vyznamnou schopnost zvySovat bazalni trovenr [®°S]GTPyS vazby jiz bshem 2. dne po
narozeni. Maximalni odezva SKF97541 byla zvySena mezi PD2 (Bmax = 1,13 pmol x mg ) a
PD14 (Bmax = 1,71 pmol x mg ™) a dalsi vyvoj se odrazi ve snizeni SKF97541—stimulované
[**S]GTPyS vazby (Bmax = 1,08 pmol x mgY), coz se vyznamné nelidi od dvoudennich
zvitat.

Obr. 1 Kiivky davka—odpovéd’ pro baclofenem a SKF97541 stimulovanou
[35S]GTPyS vazbu v PM isolovanych z 2—, 14— a 90—dennich krys
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Po stanoveni kiivek davka—odpovéd’ pro baclofenem a SKF97541 stimulovanou vazbu
[*S]GTPyS u 1-, 15— a 90-dennich krys, nasledovala podrobna analyza ontogenetického
profilu agonisty stimulované aktivity G proteinu u ploda (-1) a v PM, pfipravnych z 1-, 2—,
4-, 5-, 9, 10—, 14—, 15—, 25, 30—, 35—, 42—, 47— a 90—dennich zvifat. Udaje uvedené na
Obr. 2 jasné ukazuji existenci maximalni baclofenem a SKF97541 stimulované aktivity G
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proteinu béhem PD14 a PD15. Baclofenem stimulovana, SKF97541 stimulovana a bazalni
troved vazby [*°S]GTPyS u dospé&lych zvifat se vyznamné neliila od 2—dennich zvitat (PD2).
V souladu stimto vysledkem, maximalni hodnota vazby [*H]JGABA (m&fena pomoci
kvantitativni autoradiografii v kortikalnich fezech) byla detekovana béhem 14. dne po
narozeni a tato vysoké uroveti vazby [PH]JGABA se nasledns sniZila na troveii dosp&lych krys
(Turgeon and Albin, 1994).

Obr. 2 Baclofenem a SKF97541 stimulovana vazba [*>S]GTPyS; one—point assay
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Hustota GABAg—R Vv plasmatickych membranach v riznych v€kovych intervalech byla
stanovena pomoci saturacni vazebné studie s vyuzitim specifického antagonisty
[*H]CGP54626A. Udaje uvedené na Obr. 3 jasné ukazuji, e nejvétsi hustota GABAz—R
Vv plasmatickych membranach (Stanovena jako maximalni vazebna kapacita (Bmax)
vazebnych mist pro [PH]JCGP54626A) se vyskytuje ve vzorcich pfipravenych z 1-dennich
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krys (2.27+0.08 pmol - mg?). Dalsi vyvoj se odrazil ve vyrazném poklesu vazby
[*H]CGP54626A (viz hodnoty Bmax 1.38+0.05 a 0.93+0.04 pmol - mg ™ stanovene v PM
izolovanych z 13— a 90-dennich zvitat). Disocia¢ni konstanta (Kd) se zvysila z 11,8 nM
(PD1) na 15,3 nM (PD13) a 22,1 nM (PD90), coz naznaCuje snizeni afinity a kvalitativni
zmény GABAg-R viici [PH]CGP54626A v pribéhu zrani krysi mozkové kary. Pokles afinity
vazby [*H]CGP54626A (vyjadieno jako 1 / Kd), pozorovany spolu se sniZenim afinity
odpovédi G proteini vaci SKF97541 (Obr. 1), naznacuje CasteCnou agonistickou piirodu
interakci [°H]CGP54626A s GABAg—R, ktera se méni v priibdhu vyvoje mozkové kiry.

Obr. 3 Saturace vazebnych mist pro ['H]CGP54626AA v PM izolovanych z 1—,
13- a 90— dennich krys
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6.2. Ontogeneticky vyvoj oxidacniho posSkozeni mozku; generace lipofuscinovych
pigmenti

6.2.1. Studium lipofuscinovych pigmenti v homogenatech mozkové tkani

Cilem prvni studie vytvareni LFP v krysim mozku (Wilhelm et al., 2011) bylo ziskani
informace o poskozeni volnymi kyslikovymi radikaly které vznika v pfedni mozkové kure
krys pfed a kratce po narozeni. Déle jsme analyzovali celé postnatalni obdobi az do 90. dne
po narozeni (PD90). Nase studie byly provedeny ve tkanovych homogenatech ptipravenych
ze zvitat rizného véku: A, 7 dnli ptfed porodem; skupina B, 1 den pted porodem; skupina C,
postnatalni den 1; skupina D, postnatalni den 2; skupina E, postnatalni den 5; skupina F,
postnatalni den 10; skupina G, postnatalni den 15; skupina H, postnatalni den 25; skupina I,
postnatalni den 35; skupina J, 90—denni zvifata. Pro detailni charakterizaci fluorescencnich
vlastnosti LFP, jsme pouzili metody fluorescencni spektroskopie, zahrnujici 3—dimenzionalni
spektralni pole s synchronni projekci fluorescencéniho spektra. Kromé toho, celkové LFP byly
rozpustény do nékolika frakei pomoci extrakci chloroform—metanol 3: 1 s naslednou HPLC s
fluorescencni detekci.

Ukazali jsme, ze LFP mozku pfedstavuji komplexni smés velmi mnoha rtiznych
chemickych slou¢enin (fluoroforit), jejiz slozeni se méni v prub&hu vyvoje mozku (Obr. 4,5 a
6). Nase vysledky také ukazaly, ze k nejvy$s§imu hromadéni oxidac¢nich produktti v prednim
mozku (pfi detekci LFP) dochazi bezprostiedné po porodu (mezi PD2 a PD4, Obr. 5). Tento
vysledek lze interpretovat jako diikkaz vysokého oxida¢niho poskozeni které probiha v mozku
potkana kratce po narozeni.
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Obr. 4 Piiklady 3D-fluorescen¢nich excitacnich spekter stanovenych Vv
chloroformovych extraktech mozku. (A) 7 dni pi‘ed narozenim, (D) 2 dny po narozeni,
(J) 90 dni po narozeni
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Obr. 5
spektru

Kvantitativni stanoveni tFech hlavnich fluorofori LFP, nalezenych v 3D
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Obr. 6 Piiklady synchronnich fluorescen¢nich spekter (levy panel) a jejich
druhych derivata (pravy panel). (A) 7 dnu pied porodem; (D) postnatalni den 2; (E)
postnatalni den 5; (J) 3-mési¢ni zviFata.
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6.2.2. Studium lipofuscinovych pigmenti Vv subcelulirni membranové frakci

Cilem nasi druhé studie LFP v mozku (Wilhelm et al., 2014; ¢lanek se piipravuje)
bylo zjistit ontogeneticky vyvoj tvorby LFP v riznych subcelularnich membranovych
frakcich (v post-nuklearni frakci, mitochondriich, miscrosomech, hrubych plazmatickych
membranach, cytosolu) a porovnat ontogenetické patterny pozorované v téchto membranach s
udaji ziskanymi analyzou celych tkanovych homogenati. Hladina LFP u plodu byla pfijata
jako referen¢ni hodnota, ktera odpovida 100%. Obsah LFP v riznych membranovych
frakcich odebranych v rtiznych ¢asovych intervalech mozkového vyvoje byl vyjadien jako
procento této hodnoty. Vysledky jsou uvedeny na Obr. 7.

Obr. 7 Obsah LFP v mozkovém homogenatu a subcelularnich frakcich béhem
vyvoje. Fetalni uroven homogenatu vzata jako 100%. Statisticka vyznamnost: * p <0,05, ** p
<0,01, *** p <0,001
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Z celkového hlediska, vysledky jsou pIn¢ v souladu s nasi piedchozi studii tkanovych
homogenatu (Wilhelm et al., 2011). Nicmén¢, analyza LFP v péti subcelularnich frakcich
pfinesla ne¢ekané vysledky. Za prvé bylo zjisténo, Ze vysoké hladiny LFP byly objeveny jiz v
fetalnim mozku, v rozpustné frakci (220%) a hrubych plazmatickych membranach (coz je
smés vackt odvozenych z plazmatické membrany a mikrosomi; 282%), zatimco hladina LFP
v dalsich frakcich nebyla zvysena. Hladina LFP v rozpustné frakci byla zvysena i béhem
prvniho dne po narozeni (236%), a pak se vratila k kontrolni trovni a zlstala beze zmény v
celém casovém métitku experimentu. Mohli bychom ocekavat, ze lipoproteiny rozpustné
frakci obsahuji oxidované lipidy s vlastnostmi LFP. Zda se, ze se tyto lipoproteiny rychle
rozkladaji po narozeni.

Ve frakci hrubych plazmatickych membran (kterd obsahuje malé vacky odvozené z
plazmatické membrany, endoplazmatického retikula a Golgiho aparatu) zvysena hladina LFP
pfetrvavala az do 8. postnatalniho dne. Toto je unikatni pozorovani ve srovnani S jinymi typy
membran, protoze hladina LFP v jinych frakcich byla zvysena jenom do PD2. Detekce tohoto
zvySeni LFP v hrubych membrdnach mize znamenat zménu této bunééné struktury, kterad
pokracuje i po porodu.

Uroven LFP v mitochondriich byla zvy$ena béhem PD1 (212%) a PD2 (152%), pak se
vratila na normalni Groven a dal se snizovala — 70% (PD14) a 64% (PD60). Jak jiz bylo
uvedeno v piredchozi analyze homogenatu mozkové tkané (Wilhelm et al., 2011), zvyseni
LFPs ihned po porodu (PD1 a PD2) muze byt interpretovano jako svédectvi intenzivniho
aerobniho metabolismu doprovazeného vyrobou volnych radikald a naslednim poskozenim
membranovych struktur. Pokles mitochondrialnich a jadernych LFP ve vzorcich odebranych
ze starSich potkand (PD8-PD14) mize svédcit o Vysokém mitochondrialnim obratu v tomto
obdobi. Nové vytvofena mitochondrie, ktera obsahuje malé mnozstvi LFP, objevi se a ziedi
koncentrace téchto latek v celé mitochondrialni frakci.

V jadrech, Groven LFP byla zvySena béhem PD1 (152%) a PD2 (215%). Toto zvyseni
bylo nasledovano poklesem pod kontrolni hodnoty — PD14 (58%), PD30 (82%) a PD60
(65%). Jaderna membrana obsahuje obdobny jako u endoplazmatického retikula systém
prenasecl elektronu, ktery muze byt zdrojem volnych radikald a LFP. V podobnosti s
mitochondrii, snizena hladina LFP béhem PD8 a PD14 mize byt zplsobena intenzivni
buné¢nou proliferaci, kdy se nové vzniklé jadra (obsahujici méné LFP) jsou slouceny do
celkové nuklearni frakci.
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7. DISCUSSION
7.1.  The ontogenetic development of GABAg-receptor signaling cascade

The highest maximum response (efficacy) of baclofen— and SKF97541-stimulated
[**S]GTPyS binding was measured at postnatal day 14 and 15 and afterward, the ability of
these two GABAg—R agonists to increase activity of G proteins decreased continuously
towards the adult level (Fig. 2). Accordingly, the peak value of [°*HJGABA binding was
detected at PD14 in rat brain cortical slices by quantitative autoradiography and this high
level of [*H]GABA binding subsequently declined to the adult level (Turgeon and Albin,
1994).

The existence of the maximum of coupling efficacy between GABAg—R and G proteins,
which was observed in “opening of eyes period” at PD14 and PDI15, may be interpreted as
an overlap between the two opposite regulatory effects: the stimulation which is stronger at
age intervals before this period and inhibition, which prevails in older rats.

Data presented in my work (Figs 1 and 2) indicated a noticeable extent of compatibility
of our present results with experimental data obtained before by functional assays of adenylyl
cyclase (AC) activity in the presence or absence of GABAg—R agonists, (lhnatovych et al.,
2002). Maximum activation of baclofen— and SKF97541-stimulated [*>S]GTPyS binding at
PD14 and PD15 coincided with the developmental profile of AC activity. The maximum of
agonist-stimulated G protein activity (Fig. 2) as well as basal, fluoride-, GTP- and
forskoline—stimulated AC was found in the same period of brain development, i.e. between
PD10 and PD15. However, a marked difference between the two sets of data was noticed as
well. Maturation of functional coupling of GABAg—R with G proteins preceded maturation of
AC system because AC activity was very low at birth while both baclofen and SKF97541
exhibited significant efficacy already at PD2 (Fig. 1).

The highest plasma membrane density of GABAg-R determined by saturation binding
study with specific antagonist [?H]JCGP54626AA was observed shortly after the birth (at
PD1) and subsequently decreased in 13— and 90-day-old rats (Fig. 3). It may be therefore
suggested that the physiological significance of the high receptor number and significant
efficacy of coupling of GABAg-R with G proteins shortly after the birth (at PD1 and PD2) is
related to some other effectors but AC—CAMP system. lonic channels regulated by the free
Goo and GP subunits represent the primary candidates for such effectors (Newberry et al.,
1984a,b, Gahwiler et al., 1985, Bormann 1988, Bowery et al., 1989).

Comparison of ECs, values of baclofen—stimulated [**S]GTPyS binding indicated no
significant difference in PM samples isolated from 2—, 14— and 90-day-—old rats. Contrarily,
the ECso values of G protein stimulation by SKF97541 were clearly increased from the birth
to adulthood. This result suggests a developmental decrease in affinity of GABAg-R response
for the latter agonist and it is compatible with electrophysiological studies of brain function
indicating the differences in sensitivity of GABAg—R to different agonists (Bernasconi et al.,
1992, Hosford et al., 1992, Lin et al., 1993, Marescaux et al., 1992). Furthermore,
epileptological studies of brain function indicated that anticonvulsant action of baclofen was
unchanged during postnatal period (Kubova et al., 1996); simultaneously, the ontogenetic
profile of anticonvulsant action of SKF97541 was not identical with that of baclofen (Mares
2008). Thus, the time—span between PD12 and PD18 represented the most critical period
from this point of view.
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7.2.  Postnatal ontogenesis of oxidative damage of the brain

LFP were used as a tool to assess the extent of ROS formation in brain cortex of rats
during early postnatal development. The highest accumulation of these compounds was found
immediately after birth and the level of these compounds was subsequently falling down to
the three months of age, which is believed to represent a period when ageing starts in rats.
Although the increased free radical production shortly after the birth is to be expected because
of the rapid increase in oxygen concentration in the brain of new born animals and absence of
fully functional mitochondria at this age interval, the detection of the final products of
peroxidative damage (LFP) has not been analyzed before in the detailed manner, i.e. on the
day by day basis.

When considering the up—to—date literature data from the broader scope of view, ROS—
mediated oxidative damage of DNA was demonstrated in rat brain, liver, kidney and skin
during the first few hours after the birth (Randerath et al., 1997). Lungs were not affected.
The brain lesions were considered as substantial and were similar to or even greater than the
lesions in senescent, 24-month old rats. The concept of oxidative stress generated after the
normal birth was also supported by the finding of a pronounced neonatal decreases in the
hepatic GSH/GSSG ratio in rats (Sastre et al., 1994, Pellardo et al., 1991). Also the product of
membrane lipid peroxidation, malonaldehyde, exhibited a transient rise after the birth in rat
liver and kidney (Gunther et al., 1993). The tissue specificity of manifestation of oxidative
damage may be easily explained by differences in balance between the intensity of oxidative
metabolism and antioxidant protection existing in a given tissue. Up to now, no such studies
were undertaken in the brain.

Our results indicated a transient accumulation of LFP in neonatal rat brain: LFP, were
increased on the day 1 after the birth (PD1), reached the maximum level on the day 2 (PD2)
and decreased to the prenatal level already on postnatal day 5 (PD5) (Fig. 7; Wilhelm et al.,
2011). A new rise of LFP production was found in 2-month—old animals (PD60). As already
mentioned, those results correlated with the demonstration of oxidative damage of DNA
(Randerath et al., 1997). The fact that all fluorophores had similar ontogenetic pattern
supported the physiological relevance of our results as this finding may be interpreted to mean
that LFPs are generated by the same process or are localized in the same subcellular
membrane compartment.

Wihelm and Ostadalova (2012) investigated the ontogenetic profile of generation of
LFP in neonatal rat heart and found that the observed changes were similar to those obtained
in frontal brain cortex. Mitochondria are the first suspected source for ROS production when
considering the brain. This interpretation is supported by the previously published data
(Svoboda and Lodin, 1972, 1973) indicating the low activity of o—glycerolphosphate and
succinate dehydrogenases in immature brain: the activity of both enzymes was very low
before and shortly after the birth. The temporary activation of a—GPDH (maximum at PD4-8)
faded away before PD10. The major increase of these mitochondrial enzyme activities
proceeded between PD10 and PD20 and was not completed before PD30. Thus, the presence
of immature respiratory chain of mitochondria in brain cortex of newborn animals may
explain the increase of LFP immediately after the birth.

Besides mitochondria, the high LFP production in brain of new—born animals may be
also interpreted as an indication for the presence of the high amount of microglia
phagocytosing the apoptosed brain cells. In mice, the maximum phagocytosis associated with
significant ROS production, occurred on postnatal day 3 (Mari'n—Teva et al., 2004). This
time period corresponds well with the maximum of LFP production measured in our
experiments: between PD1 and PD5. Thus, at least some part of the early production of LFP
in the brain may be cell specific and functionally related to activity of microglia. Transition
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from hypoxia to normoxia and increase of oxygen partial pressure was also shown to increase
production of free radicals (Wilhelm et al., 1999). It is therefore possible that the hypoxic/
normoxic transition proceeding in the newly born rats contributes to the process of LFP
formation.

The pattern of 3D-—spectral arrays, synchronous spectra and their derivatives (all together)
indicate the presence of many fluorescent species belonging to the category of LFP. Each of
these spectrally characterized species can be further resolved into several chromatographically
distinct compounds (Fig. 4, 5, 6; Wilhelm et al., 2011). Taken together, LFP may originate
from hundreds, may be thousands, of unknown compounds which are functionally related to
or produced by the brain oxidative damage after the birth. We assume that a formation of
LFPs in 3—-month—old animals, when aging starts in rats, is based primarily on ROS generated
by mitochondria (Kann and Kova’cs, 2007). Since that time, these products only accumulate
(Brunk and Terman, 2002).
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7. DISKUSE

7.1.  Ontogeneticky vyvoj signaliza¢ni kaskady GABAg—receptorii

Nejvyssi maximalni odezva (uc¢innost) baclofenem— a SKF97541—stimulované vazby
[*°S]GTPyS byla méiena bshem 14. a 15. postnatalniho dne; potom, schopnost téchto dvou
agonistt GABAg-receptori zvySovat aktivitu G—proteint se kontinualné snizovala (Obr. 2).
Podobné&, maximalni hodnota vazby [*H]GABA, detekovana béhem 14. dne po narozeni v
kortikalnich fezech mozku potkana pomoci kvantitativni autoradiografii, se nasledné snizila
(Turgeon a Albin, 1994).

Udaje, uvedené v mé praci (Obr. 1. a 2.) vykazuji znaénou miru kompatibility nagich
dosavadnich vysledkli s experimentalnimi daty ziskanymi pomoci funkcéni analyzy ¢innosti
adenylatcyklazy v pritomnosti nebo nepfitomnosti agonisty GABAg—R (lhnatovych et al.,
2002). Maximalni aktivace baclofenem— a SKF97541-stimulované vazby [*°S]GTPyS b&hem
PD14 a PD15 se shodovala s vyvojovym profilem c¢innosti AC. Maximalni agonisty
stimulovana aktivita G proteinu (viz Obr. 2), stejné¢ jako bazalni, fluoridem, GTP, a
forskolinem stimulovana aktivita AC, byla zjisténa ve stejném obdobi vyvoje mozku, tedy
mezi PD10 a PD15. Avsak vyrazny rozdil mezi témito dvéma soubory tdaji byl zaznamenan
také. Zrani funk¢éni vazby GABAg—R s G proteiny piedchazi zrani AC systému, protoze
aktivita AC byla velmi nizka pfi narozeni, zatimco baclofen i SKF97541 vykazovaly
vyznamnou G¢innost jiz béhem PD2 (Obr. 1).

Nejvyssi hustota GABAg—R v plazmatickych membranach (uréena pomoci saturacni
vazebné studie se specifickym antagonistou [*H]CGP54626AA) byla pozorovana kratce po
narozeni (PD1); nasledné tato hodnota u 13— a 90-dennich krys poklesla (Obr. 3). Proto
muzeme navrhnout, ze fyziologicky vyznam vysokého poctu receptorii a vyznamné ti¢innosti
spfazeni GABAg—R s G proteiny kratce po narozeni (béhem PDI1 a PD2) je spojen s
nékterymi dal$imi efektory, nez systtmem AC—cAMP. lontové kandly regulované volnymi
Goo a G podjednotkami predstavuji primarni kandidaty pro dané efektory (Newberry et al.,
1984a, b; Gahwiler et al., 1985; Bormann 1988; Bowery et al., 1989).

Pfi porovnani hodnot EC50 pro baclofenem stimulovanou vazbu [**S]GTPyS nebyl
zaznamenan zadny vyznamny rozdil mezi vzorky PM izolovanych od 2—,14— a 90—dennich
krys. Protikladng, hodnoty EC50 pro SKF97541 stimulovanou vazbu byly jasné zvysene od
narozeni az do dospélosti. Tento vysledek naznacuje vyvojovy pokles afinity reakci GABAg—
R na uvedené agonisty a je kompatibilni s elektrofyziologickymi studii funkce mozku, které
sv&déi o rozdilech v citlivosti GABAg—R na riizné agonisty (Bernasconi et al., 1992; Hosford
et al., 1992; Lin et al., 1992; Marescaux et al., 1992). Dale, epileptologické studie mozkové
funkce naznacuji, Ze antikonvulzivni uéinek baclofenu zistava nezménény v poporodnim
obdobi (Kubova et al., 1996).; soucasné, ontogeneticky profil antikonvulzivniho pusobeni
SKF97541 neni totozny s baclofenem (Mares 2008). To znamena, Ze Casové rozpéti mezi
PD12 a PD18 ptedstavuje nejkritictéjsi obdobi z tohoto hlediska.
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7.2.  Postnatalni ontogeneze oxida¢niho poskozeni mozku

LFP byly pouzity jako nastroj pro posouzeni rozsahu formace ROS v mozkové kuie
potkana béhem casného postnatalniho vyvoje. Bylo zjisténo, ze k nejvyssi akumulaci téchto
latek dochazi ihned po narozeni, pak béhem tifi mésici hladina téchto sloucenin nasledné
klesa (zaCina obdobi starnuti krys). Ackoli zvySenou tvorbu volnych radikalt kratce po
narozeni lze ocekavat, a to v dusledku rychlého narustu koncentrace kysliku v mozku
novorozenych zvifat a absenci plné¢ funkénich mitochondrii v tomto vékovém intervalu,
detekce koneénych produkti peroxida¢niho poSkozeni (LFP) jesté nebyla analyzovana
podrobnym zptsobem, tedy den po dni.

Pii zvazovani soucasnych literarnich udaju ze SirSiho hlediska, zprostiedkované
reaktivnimi slouc¢eninami kysliku oxidac¢ni poskozeni DNA bylo prokazano v mozku potkana,
jatrech, ledvinach a ktzi béhem nékolika hodin po porodu (Randerath et al., 1997). Plice
nebyly ovlivnény. Mozkové 1éze byly povazovany za podstatné a byly podobné nebo dokonce
vyssi nez 1éze u zestarlych, 24-mési¢nich potkant. Koncept oxidac¢niho stresu vytvofeného
po normalnim porodu byl také podpofen ndlezem vyrazného poklesu jaterniho poméru
GSH/GSSG u novorozenych potkant (Sastre et al., 1994; Pellardo et al., 1991). Také,
produkt peroxidace membranovych lipidi,, malonaldehyde, vykazoval po narozeni v jatrech a
ledvinach potkana piechodny vzestup (Gunther et al., 1993). Tkanova specifi¢nost projevu
oxida¢niho poskozeni Ize snadno vysvétlit rozdily ve vyvazeni mezi intenzitou oxidativniho
metabolismu a antioxida¢ni ochranou existujici v dané tkani. Az do ted’, Zadné takové studie v
mozku nebyly provedeny.

Nase vysledky ukézaly pfechodné hromadéni LFP v mozku novorozenych potkant:
hladina LFP byla zvySena béhem 1. dne po porodu, dosdhla maximalni tirovné na 2. den, a
klesla na prenatalni Groven jiz béhem 5. postnatalniho dne (Obr. 7, Wilhelm et al., 2011).
Novy vzestup tvorby LFP byl zaznamenan u 2-mési¢nich zvitat (PD60). Jak jiz bylo feceno,
uvedene vysledky jsou souvztazne s ukazkou oxidacniho poskozeni DNA (Randerath et al.,
1997). Skutecnost, Ze vSechny fluorofory mély podobny ontogeneticky vzor podporuje
fyziologickou relevanci naSich vysledkii, protoZe toto zjisténi mize byt vykladano v tom
smyslu, Ze LFPs jsou generovany stejnym zplisobem, nebo jsou lokalizovany ve stejném
subcelularnim membranovém prostoru.

Wihelm a Ostadalova (2012) zkoumali ontogeneticky profil generace LFP v srdci
novorozenych potkanti a zjistili, Ze pozorované zmény byly podobné vysledkiim ziskanym pti
analyze frontalni mozkové kary. Vzhledem k mozku, mitochondrie jsou prvnim moznym
kandidatem pii posuzovani zdroji produkce ROS. Tento vyklad je potvrzen dfive
publikovanymi udaji (Svoboda and Lodin 1972, 1973), coz ukazuje na nizkou aktivitu o—
glycerolphosfatu a sukcinatdehydrogenazy v nezralém mozku: aktivita obou enzymu byla
velmi nizka pfed a kratce po narozeni. Docasna aktivace a—GPDH (maximum mezi 4. a 8.
dnem po porodu) mizela pted PD10. Nejvétsi nartst aktivity mitochondrialnich enzymi
probihal mezi PD10 a PD20 a nebyl dokoncen pied PD30. To znamend, Ze piitomnost
nezralého dychaciho fetézce mitochondrii v mozkové kiife nové narozenych zvifat muize
vysvétlit zvyseni hladiny LFP bezprostiedné po porodu.

Krom¢ mitochondrii, vysoka produkce LFP v mozku novorozenych zvifat mize byt
také interpretovana jako znamka pfitomnosti vysokého mnozstvi mikroglie ktera fagocytuje
apoptované mozkové¢ bunky. U mysi, k maximalni fagocytoze spojené s vyznamnou vyrobou
ROS dochazi béhem 3. postnatalniho dne (Mari'n—-Teva et al., 2004). Tato doba plné
odpovida maximalni produkce LFP métfené v naSich experimentech: mezi PD1 a PD5. To
znamena, ze alespon n¢jaka cast Casné vyroby LFP v mozku mize byt bunécné specificka a
funkéné souvisi s aktivitou mikroglie. Bylo také prokazano, ze piechod z hypoxie k normoxie
a zvySeni parcialniho tlaku kysliku zvysuje produkci volnych radikala (Wilhelm et al., 1999).
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Je tedy mozné, ze hypoxicky/normoxicky piechod u nové narozenych krys se podili na
procesu tvorby LFP.

3D-model spektralnich poli, synchronni spektra a jejich derivaty (vSechny
dohromady) ukazuji na pfitomnost mnoha fluorescen¢nich druhti patficich do kategorie LFP.
Kazdy z téchto spektralné charakterizovanych druhi moze byt dale rozdéleny na nékolik
chromatograficky odlisnych slouc¢enin (Obr. 4, 5, 6; Wilhelm et al., 2011). Celkem vzato,
LFP muzou pochazet ze stovek (i tisic) neznamych sloucenin, které funkéné souvisi s (nebo
jsou vyroben0) oxida¢nim poskozenim mozku po porodu. Domnivame se, Ze tvorba LFP u 3—
mésic¢nich zvifat (doba, kdy u potkanti zaina starnuti) je zaloZena piedev§im na ROS
generovanych mitochondrii (Kann a Kova’'cs, 2007). Od té doby, tyto latky se pouze hromadi
(Brunk a Terman, 2002).
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8. CONCLUSIONS

1) the significant intrinsic efficacy of GABAg—receptors was detected in rat brain
cortex already shortly after the birth: at postnatal day 1 and 2. Subsequently, both baclofen
and SKF97541-stimulated G protein activity, measured as the high—affinity [*>S]GTPyS
binding, was increased. The highest level of agonist-stimulated [*S]GTPyS binding was
detected at postnatal days 14 and 15. In older rats, the efficacy, i.e. the maximum response of
baclofen— and SKF97541-stimulated [**S]GTPyS binding was continuously decreased so, that
the level in adult, 90-days old rats was not different from that in newborn animals. This
profile of ontogenetic development of functional coupling between GABAg-R and the
cognate G proteins was similar to the maturation of adenylyl cyclase activity (Ihnatovych et
al., 2002).

The existence of maximum of coupling efficacy between GABAg-R and G proteins,
observed in “opening of eyes period” at PD14 and PD15, may be interpreted as an overlap
between the two counter—acting regulatory effects: stimulatory which is stronger at age
intervals before this period and inhibitory effect, which prevails in older rats.

2) the potency of G protein response to baclofen stimulation, characterized by
ECso values, was also high at birth but unchanged by further development. The individual
variance among different agonists was observed in this respect as the potency of SKF97541
response was decreased when compared in 2— and 90—days old rats.

3) plasma membrane density of GABAg-R, determined by saturation binding
assay as maximum binding capacity (Bmax) Of specific antagonist [PH]CGP54626AA, was
highest in 1-day old animals. The further maturation of rat brain cortex was reflected in
decrease of PM density of GABAg—R observed in 13— and 90—days old animals.

4) the ontogenetic development of Na'/K'—ATPase was completely different from
that obtained in studies of GABAg—R-signaling cascade. In contrast to the number of
GABAg-R, plasma membrane density of Na'/K'—ATPase molecules was increased ~ 3—fold
when compared in new born (1-day—old) and 90—days—old rats.

5) the high level of lipofuscin like pigments (LFP) was generated in rat brain
cortex during the first 5 days of postnatal life. Maximum level of LFP was detected on the
postnatal day 2. Starting from the postnatal day 10, LFP concentration returned down to the
prenatal level. A new rise in LFP concentration was observed in 90—days old animals. This
second increase of LFP may indicate the beginning of the aging process in rat brain cortex.
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8. ZAVERY

1) vyznamna vnitini uc¢innost GABAg-receptorti byla zjisténa v mozkové kire
potkana jiz kratce po narozeni: béhem 1. a 2. postnatalniho dne. Nasledné, baclofenem a
SKF97541 stimulovana aktivita G proteinu (méfena jako vysokoafinni vazba [*°S]GTPyS)
byla zvySena. Maximalni agonisty stimulovana vazba [*°S]GTPyS byla zjisténa bshem
postnatalniho dne 14. a 15. U starSich Kkrys, ucinnost (maximalni odezva baclofenem a
SKF97541 stimulované vazby [*S]GTPyS) se stile sniZovala tak, Ze tato hodnota u
dospélych 90-dennich  potkant se neliSila od novorozenych =zvifat. Tento profil
ontogenetického vyvoje funkéniho spojeni mezi GABAg-R a piibuznymi G proteiny byl
podobny zrani aktivity adenylatcyklazy (Ihnatovych et al., 2002).

Existence maxima vazebni ucinnosti mezi GABAg—R a G proteiny v obdobi "otevieni
oct" (mezi PD14 a PD15) lze interpretovat jako prekryti proti-pusobicich regulacnich
ucinki: stimulacnich, které jsou silnéjsi pred timto obdobim a inhibicnich, které prevladaji u
starsich potkanii.

2) ucinnost odpovédi G proteinu na stimulaci baclofenem (charakterizovano
pomoci hodnot EC50) byla také zvySena pii narozeni, ale pak zlstala beze zmény b&hem
dalsiho vyvoje. V tomto ohledu byl pozorovan individualni rozptyl mezi riznymi agonisty —
uc¢innost odpovédi na SKF97541 byla sniZena pti srovnani 2— a 90—dennich krys.

3) nejvys$i hustota GABAg—R v plazmatické membran¢ (urena pomoci
saturanich vazebnych studii jako maximalni vazebna kapacita (Bmax) specifického
antagonisty [°H]CGP54626AA), byla zjistena u 1-dennich zvifat. Dalsi zrani mozkové kiry
potkant se odrazi v poklesu hustoty GABAg—R (pozorovano u 13— a 90—dennich zvifat).

4) ontogeneticky vyvoj Na'/K'-ATPazy byla zcela odlisny od vyvoje signélni
kaskady GABAg—R. Na rozdil od poctu GABAg-R, hustota molekul Na+/K+—ATPézy
Vv plasmatické membrané byla pii srovnani jednodennich a 90—dennich krys trikrat vEtsi.

5) vysoka hladina LFP se v mozkové kiife potkana vytvarela béhem prvnich 5 dnt
postnatalniho Zivota. Maximalni hladina LFP byla zjist€éna na 2. postnatalni den. Pocinaje
postnatalnim dnem 10., koncentrace LFP se vratila zpét na prenatalni urovei. Novy vzestup
koncentrace LFP byla pozorovan u 90—dennich zvitat. Toto druhé zvyseni hladiny LFP mize
znamenat pocatek procesu starnuti v mozkové kife potkana.
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