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Abstract L-type Ca®>" channels (LTCCs, Ca,l) open
readily during membrane depolarization and allow Ca*" to
enter the cell. In this way, LTCCs regulate cell excitability
and trigger a variety of Ca’’-dependent physiological
processes such as: excitation—contraction coupling in
muscle cells, gene expression, synaptic plasticity, neuronal
differentiation, hormone secretion, and pacemaker activity
in heart, neurons, and endocrine cells. Among the two
major isoforms of LTCCs expressed in excitable tissues
(Ca,1.2 and Ca,1.3), Ca,1.3 appears suitable for supporting
a pacemaker current in spontaneously firing cells. It has
steep voltage dependence and low threshold of activation
and inactivates slowly. Using Ca,1.3”~ KO mice and
membrane current recording techniques such as the dy-
namic and the action potential clamp, it has been possible
to resolve the time course of Ca,1.3 pacemaker currents
that regulate the spontaneous firing of dopaminergic
neurons and adrenal chromaffin cells. In several cell types,
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Ca,1.3 is selectively coupled to BK channels within
membrane nanodomains and controls both the firing
frequency and the action potential repolarization phase.
Here we review the most critical aspects of Ca, 1.3 channel
gating and its coupling to large conductance BK channels
recently discovered in spontaneously firing neurons and
neuroendocrine cells with the aim of furnishing a converg-
ing view of the role that these two channel types play in the
regulation of cell excitability.
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Introduction

Spontaneous electrical activity in excitable cells is funda-
mental to the control of basic physiological functions.
Usually, spontaneous firings originate in narrow areas and
spread to neighboring cells to drive rhythmic patterns of
activity such as circadian rhythms in the central nervous
system, activity-dependent hormone release in neuroendo-
crine cells, and heart beating [1, 2]. To undertake these
duties, spontaneously firing cells are equipped with a set of
ion channels that turn on at subthreshold membrane
potentials and carry sufficient inward current to drive the
action potential (AP) upstroke [3, 4]. In many cells, a
spontaneous subthreshold depolarization is associated with
Na' entry through either hyperpolarization-activated cation
channels (HCN) or voltage-gated Na" channels [5]. There
is, however, an increasing number of neurons and neuro-
endocrine cells in which subthreshold Ca*" channels are
shown to contribute to pacemaking. Besides the low
voltage-activated T-types that are by definition sub-
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Nimodipine inhibits AP firing in cultured hippocampal neurons

predominantly due to block of voltage-dependent potassium channels
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Abstract. L-type calcium channels (LTCC) are important functional elements of hippocampal neurons
contributing to processes like memory formation and gene expression. Mice lacking the Cay 1.2 channel
in hippocampal pyramidal cells exhibited defects in spatial memory (Moosmang et al. 2005) and lowered
frequency of repetitive action potential (AP) firing (Lacinova et al. 2008). We tested the contribution of
LTCC to AP firing of cultured rat neonatal hippocampal neurons using the dihydropyridine channel
blocker nimodipine. Ionic currents and APs were recorded in the whole cell patch clamp configura-
tion. A prolonged depolarizing current pulse activated the firing of a series of APs. The presence of 10
uM nimodipine blocked all but the first AP in series. This concentration, which is potent enough to
completely block LTCC, inhibited about 35-50% of the total calcium current. In addition, nimodipine
blocked about 50% of both calcium-dependent and voltage-dependent potassium currents whereas the
sodium current was not affected. We suggest that nimodipine suppressed the firing of APs in cultured
neonatal rat hippocampal neurons due to inhibition of both calcium and potassium currents.

Key words: Hippocampal neurons — Nimodipine — Potassium current — Calcium current

— Action potential

Abbreviations: AP, action potential; DHP, dihydropyridine; LTCC, L-type calcium channel.

Introduction

The hippocampus is a brain region participating in the for-
mation of explicit memory, i.e. memory of facts and places
(reviewed in Kandel 2009). The decisive element of memory
forming is an activity-dependent strengthening of synaptic
transmission, the so-called long term potentiation (LTP) (Bliss
and Lomo 1973). Two phases of LTP can be distinguished: an
early phase requiring covalent protein modification and a late
protein synthesis-dependent phase (Frey et al. 1988). L-type
calcium channels (LTCC) contribute to several memory-
forming pathways, e.g., the cAMP response element-binding
protein pathway (Deisseroth et al. 2003), Hebbian synaptic
plasticity (Grover and Teyler 1990; Bauer et al. 2002; Moos-
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mang et al. 2005) or transcription of brain-derived neuro-
trophic factor (Murphy et al. 1991; West et al. 2001).

The prevalent LTCC isoform expressed in hippocampus
is the Cay1.2 isoform (Hell et al. 1993; Sinnegger-Brauns
et al. 2004). Absence of the Cay1.2 channel in adult mouse
hippocampus resulted in defects of late phase LTP and defi-
cits of spatial memory (Moosmang et al. 2005). LTCC may
support LTP and consequently memory forming through
back-propagated somatic action potentials (APs) (Spruston
etal. 1995; Hoffman et al. 1997; Kampa et al. 2006). Somatic
APs alone are sufficient to activate mechanisms supporting
late-phase LTP and to convert early phase LTP into stable late
LTP (Dudek and Fields 2002). Therefore the contribution of
LTCC to shaping AP trains is of major interest.

Reported effects of dihydropyridine (DHP) LTCC blockers
on hippocampal excitability are controversial. In rabbit CA1
pyramidal hippocampal neurons, nimodipine increased excit-
ability by increasing the number of APs and by decreasing ac-
commodation frequency during a prolonged depolarizing cur-
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A novel bioelectronic glucose sensor to process distinct electrical
activities of pancreatic beta-cells *

Quang Vinh Nguyen, Anton Caro, Matthieu Raoux, Adam Quotb, Jean-Baptiste Floderer,
Yannick Bornat, Sylvie Renaud, Member, IEEE, and Jochen Lang, Member, IEEE

Abstract — Glucose sensors have improved and facilitated
therapy for type 1 diabetes. However, they are still not capable
to sense all physiological signals and to act in a closed-loop.
Pancreatic B-cells have been shaped during evolution as
biological sensors and offer the advantage to integrate all
physiological signals in addition to glucose. Moreover,
biosensors based on these cells may also serve for non-invasive
and continuous long-term characterization of B-cells, drug
research, tissue engineering and pre-transplantation quality
control. B-cells alter their electrical activity upon exposure to
glucose and physiological hormones and we have used these
properties to design a biosensor. To this end signals were
recorded extracellularly from islet cells kept on multi-electrode
arrays. Slow and rapid oscillations were observed, both
modulated by glucose. Especially slow oscillations are very
robust and have an excellent signal/moise ratio. Signal
processing functions were designed to separate the two
activities to extract and analyze relevant parameters. These
parameters correlate very well with either increasing or
decreasing glucose concentrations. An electronic device is
under construction, based on an embedded FPGA capable of
processing multiple channels in parallel. In the future, such a
device shall be used as a portable real-time biosensor regulating
insulin delivery from a pump.

I. INTRODUCTION

Type I diabetes is a chronic disease of increasing
incidence [1] with loss of pancreatic (-cells, that normally
produce and secrete insulin in response to nutrients such as
glucose. Therapy implies determination of blood glucose
levels and corresponding injections of the potent hormone
insulin. More recently transplantation of islets has been
established in the case of severe and difficult to control type I
diabetes. Considerable hope is placed in differentiation of
stem cells though successful protocols are still not available

[2].

The introduction of electrochemical glucose sensors has
presented a major breakthrough in diabetes therapy [3]. The
continuous monitoring of glucose levels and injection of the
corresponding amounts of insulin thus became feasible.
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However, this approach captures only part of the information
the organism wuses for physiological regulation of
homeostasis. Within the body a group of specialized cells, the
so-called a-, B- and &-cells, are arranged in a micro-organ to
sense the nutrient levels and demand in the hormone insulin.
Biological sensors, such as pancreatic islets, have been
shaped during half a billion years of evolution and in contrast
to currently available medical devices, they rely on a number
of different relevant signals to measure a variety of food-
derived energy and to account also for the state of the entire
organism and its requirements. Thus insulin need is signaled
not only by glucose but also and by nutrients other than
glucose, such as lipids and certain amino acids, and by
several hormones, such as GLP-1 or GIP [4].

The integration of information about the presence of these
molecules by pancreatic B-cells subsequently provides a
precisely tuned signal to regulate cellular actions, such as the
release of the potent hormone insulin into the bloodstream.
Islet cells, including B-cells, are excitable cells similar to
nerve cells. They relate signals by changing their electrical
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Fig. 1: Extracellular recording of electrical signals from mouse islet cells
cultured on multi-electrode arrays (MEA). A, Scheme of electrical signals
generated by the activity of ion channels in a B-cell cultured on a
microelectrode connected to an amplifier. B, 2-days-old culture of mouse
islet cells growing on the MEA titanium nitride electrodes (planar, 30 pm
diameter; scale bar: 100 pm). C, representative electrophysiological
recordings obtained from one electrode of the MEA in B. The null-voltage
is indicated by horizontal broken lines. At low glucose concentration (5.5
mM, G5.5) electrical oscillations are absent (left), whereas a concentration
mimicking hyperglycaemia (11 mM, Gl1) induced low frequency
oscillations (right, upper trace) on which rapid signals (action potentials)
are grafted as can be seen at higher temporal resolution (see arrows at
right, lower trace).
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Uvod a formulacia ciela

Bunkové linia PC12 predstavuje nesmrtelnt liniu z rakovinového nadora phaeochro-
mocytomu, izolovaného z adrendlnej meduly potkanov [1]. PC12 bunky prvykrat izolovali
Greene a Tischler v New England Hospital Deaconess v roku 1976 z transplantovatel'ného
feochromocytomového nadora [1].

Pri kultivécii za normalnych podmienok su PC12 bunky morfologicky, fyziologicky
a biochemicky podobné chromafinovym bunkdm (polygonalne alebo gul'até bez alebo s vel'mi
kratkymi vybezkami), avSak po pridani NGF (neuronal grown factor, neurondlny rastovy
faktor) sa zac¢inaji morfologicky a funkéne diferencovat’ na neurény a vysielanim neuritovych
vybezkov nadobudaju sympatheticky neuronalny fenotyp [2], zacinaji prisadat’ na dno
a predlZovanim sa zmenia na trojhranné alebo ovalne tvarované kuzely [3].

Neuronalny rastovy faktor - NGF predstavuje potrebny aktivator Ras/MAP kinazove;j
drahy [4]. Diferencidcia a nasledné fyziologické a biochemické zmeny aktivované NGF su
najvyuzivanejSie pri pouziti tejto bunkovej linie na Stddium mechanizmu neurélnej
diferenciacie [1]. PC12 tiez predstavujit model na S§tddium zmien, ktoré su tazko
pozorovatel'né v bunkach, ktoré st uz funk¢ne diferencované na neurény [5].

Bunkova linia PC12 predstavuje tiezZ vhodny modelovy objekt na stidium vapniko-
vych kanalov. Véapnikové kanaly umoziiujii transport Ca”" i6nov z jednej strany membrany na
druhti a plnia funkciu prendsacov elektrického signalu potrebného pre mnohé vnutrobunkové
procesy [6].

Napitovo zavislé vapnikové kanaly (VGCC) predstavuju vel'ka rodinu integralnych
membranovych proteinov. Kontroluju selektivny vtok Ca*" iénov po zmene membranového
potencidlu [7]. Molekuldrnym klonovanim ¢cDNA sa podarilo identifikovat’ 10 génov pre a;
podjednotku, ktoré su rozdelené do troch skupin: L, N a T [8].

Vépnikovy prud tecuci cez vapnikovy kanal L-typu je hlavnym iniciatorom neurosek-
récie a podiel’a sa na nervovej excitabilite [5], sptsta signaliza¢né procesy veduce ku kontrak-

cii buniek, v neurénoch sa podiel'a na regulacii génovej expresie [9], kontroluje procesy
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A.l84
Calcium Currents in Differentiated and Undifferentiated PC12 Cells

Summary

The PC12 cell line, derived from rat adrenal pheochromocytoma, serves as a
valuable model for research on neuronal differentiation and calcium channel function.
Under normal conditions, these cells resemble chromaffin cells but differentiate into
neuron-like cells with neurites when treated with nerve growth factor (NGF), activating
pathways like Ras/MAP kinase.

This study compared calcium currents in untreated and NGF-treated PC12 cells
using patch-clamp techniques. In undifferentiated cells, only 32% showed measurable
calcium currents, whereas NGF treatment raised this to 70%. NGF also caused cells to
stop dividing, grow larger, and express more voltage-gated Ca?* channels, though current
density remained stable due to increased cell size. These findings highlight PC12 cells as
an effective model for studying neural differentiation and ion channel regulation.
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Elektrofyziologické zmeny Ca,1.2 v PC12 bunkach pri ¢asovom
ovplyviiovani neuronalnym rastovym faktorom NGF
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Abstrakt

PC12 bunky predstavuju excelentny model na $tidium neurondlnej diferencidcie aj na Studium
vapnikovych kandlov. Pri ovplyvneni PC12 buniek neurondlnym rastovym faktorom dochéadza k ich funkénej
diferenciacii na neurénom podobné bunky. V nasej praci sme zist'ovali ako sa morfologicka zmena PC12 buniek
prejavi na fyziologickej urovni. Sledovali sme ako sa zmeni vel'kost prudu, ktory preteka cez Ca,1.2 vapnikovy
kanal. Prechod i6nov cez kanaly sme merali metédou patch clamp.

KPlucové slovda: PC12; napdtovo-zavislé vapnikové kandly; Ca,l.2; NGF; patch clamp

Uvod a formulacia ciel’a

Na studium napitovo zavislych vapnikovych kanalov je dlhé roky pouZzivana linia
PC12 buniek. Imortalizovana linia bola prvykrat izolovanda Greenom a Tischlerom
z rakovinového nadora feochromocytomu z nadobli¢ky potkanov [1]. Okrem $tadia iénovych
kandlov je pouzivana pri Studiu chemickych procesov spojenych so syntézou, akumuléciou
a uvoliiovanim neurotransmiterov [2], na neurochemické Studie [3], a na vyskum selektivnej
expresie génov pre i0noveé kandly [4]. PC12 bunky st vhodné na aj skiumanie neuronalnej
diferenciacie abunkovej proliferacie [5]. Diferenciacia PC12 buniek je navodena
neuronalnym rastovym faktorom, ktory aktivuje Ras/MAP kinazova drahu [6]. Pridanie
neurondlneho rastového faktora podnecuje PC12 bunky k funkénej a morfologickej
diferenciécii na neuronom podobné bunky [7]. V cytoplazmatickej membrane nativnych PC12
buniek sa vyskytuje viac typov ligandovo- a napitovo-zavislych iénovych kanalov, ako
acetylcholinom aktivované kanaly alebo napédtovo zavislé kandly (sodikové, vapnikové
a draslikové) [4]. V naSej praci sme sa zamerali na napédtovo zavislé vapnikové kandly.

Napidtovo zavislé vapnikové kanaly prvykrat popisali Paul Fatt a Bernard Katz [8].
Tento typ kanalov zabezpetuje prenos Ca’’ iénov z extraceluldrnej strany membrany do
vnuatra bunky a zaroven prendsa elektricky signal nevyhnutny pre mnohé vnutrobunkové
procesy. Prad tecuci cez Cay1.2 sa podiel’a na excitécii a kontrakcii svalov a sekrécii inzulinu,

nachddza sa v svaloch, hladkych, priecne pruhovanych aj v srdcovej svalovine [9]. Ca,l1.2
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A.I'8.5
Electrophysiological Changes of Cav1.2 in PC12 Cells During Temporal Modulation by
Neuronal Growth Factor NGF

Summary

PC12 cells represent an excellent model for studying neuronal differentiation as
well as for investigating calcium channels. When PC12 cells are influenced by neuronal
growth factor, they undergo functional differentiation into neuron-like cells. In our work, we
investigated how the morphological changes of PC12 cells manifest at the physiological
level. We observed how the current passing through the Cav1.2 calcium channel changes.
The ion flow through the channels was measured using the patch clamp technique.



3akmouenne. [IpoBeneHOTO w3cienABaHE HA OCHOBA IIOCEHIAEMOCTTa HA CIOPTHHUTE
wiomaaky Ha FO3Y “Heodut Puncku®, paskprBa Mo3uTHBHUTE TEHACHIIMM B MOTHBALUSATA
Ha CTYJICHTUTE /Ia MIOJI3BAaT CIIOPTHUTE IUIOMIAAKH, KOUTO BEPOSITHO ca CBBP3aHM C POJISTA HA
CHOPTHUTE TEJAro3d B YHUBEPCUTETA, KAKTO M OCUTYPEHHUTE BBH3MOXKHOCTH 3a O€3IIaTHO
MOJI3BaHE HA UTPHUIIATA HA YHUBEPCUTETCKHSI CIOPTEH KOMILIEKC.

Kao4yoBu 1yMu: CIIOPTHU TUIOMIAIKH, CTYICHTH, TOCEINAEMOCT, CIIOPTHUA MHTEPECH.
Key words: sports grounds, students, attendance, sports interests.
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COMATOTHUIINPAHE: KIIACUOPUKALIUU U METOAOJIOT'UA

BEHIIMCJIAB MBJITH30B!, AHTOH KAPO?

!Cmyoenm I-¢u kypc, cneyuannocm Kunesumepanus
2Acucmenm, 0-p, kameopa Anamomua u Duzuonozua

BbBenenne. OT MOMEHTa Ha BB3HUKBaHE HA IMBUIIM3AIMATA JIO JIEH JHEIICH, YOBEKBT ThPCH
B3aMMOBpPB3Ka MEKIY (GopMmara WIH TEIOCIONKEHUETO M CHABPKAHHETO, KOETO MOXE JIa
oOXBaIma pa3IiYHU CTPAHU OT (PU3MUECKUTE, MICUXWUICCKUTE W KOTHUTUBHUTE CIIOCOOHOCTH
Ha WHAWBHU/IA ¥ HAYMHBT M0 KOWTO CH B3aMMOJIEHCTBA ChC COLIMYyMa, KOeTo (hopMUpa HETOBUS
temriepameHT. O1me OT JpeBHOCTTAa Ta3W BpB3Ka € 3abens3aHa OT pa3jiMyHU yUCHH, KOUTO
pa3paboTBaT KIACU(PHUKAIMA U TEPMHUHOJIOTHS, OMUCBAIIY ¥ CBHP3BAIX HAIUTE MICUXAIHA
KauecTBa C TEJIOCIOKEHHETO W KOHCTUTynuATa HU. [loBeueto kiacudukanmuu gHEC UMaT
HUCTOPHYECKO 3HAYCHHE, HO MPOJIBJIKABAT JIa ca IMHUPOKO M3IIOJ3BAHU B Pa3iIMIHU ceph Ha
MO3HAHUETO, M3KycTBaTa M OOIIecTBEeHUs >KUBOT. OT TSIX, CbBPEMEHHO NPUIIOKEHUE MPHU
HayYHU W3CJIC/IBaHWS HaMupa NpeauMHO Kiacudukanusara Ha Heath m Carter (1967). Tsa
OTKCBAa TEJIOCIOXKEHHETO Ha 4YOBEKA KOMIUIEKCHO KaTo KOMOWHAIMS OT TPU OCHOBHU
COMAaTOTHUITHN KOMIIOHEHTA.

Hea. Hacrosimiata TeopeTndHa pa3paboTKa Il J1a IPEJCTaBs XPOHOJIOTUYHO €BOJIIOIHTA

Ha COMATOTUIIUPAHETO OT XI/IHOKpaT J0 HalllM JHH, KaKTO M 3HAYCHUCTO U CHeI_[I/I(I)I/IKaTa Ha
CBbBPEMCHHATa MCTOA0JIOTUA 3a OIIPECACIIIHEC HA OCHOBHHUTC COMATOTHUIIOBE.
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BETEPMHAPHA MEJIUIIAHA, TOM. IX, Ne 3-4
VETERINARY MEDICINE, VOL. IX, Ne 3-4
Cogus e 2005 e Sofia

MMOJJOBPSIBAHE HA 3ATUIOAAEMOCTTA HA KPABU
Y BUBOJIMIIU, TPETUPAHU CJIEJ OCEMEHSIBAHE
C DIFUROL-1 WA DIFUROL-2

ITHPBAH ITbPBAHOB!, JXEKO BAMYEB!, KAJIOSTH TPAIKOB!, AHTOH KAPO!,
MMACKAJI JXEJISI3KOB2, BOPUC JOHEB?, BJIAY KUPUJIOB?
lpaxynrer mo BeTEepUHApHA MEIHUIMHA IIPU JlecoTeXHUUECKUASA YHUBEPCUTET — Codus
2_Axtasuc“ AJl — Brirapus

-

Pe3rome

LlenTa Ha IPOBEIEHUTE W3CIEIBAHUA € 11a CE yCTAHOBM CPABHUTEJIHO TEPATIEBTHIHALT eexT OT U3BBPUIEHOTO
IIpOTEeKTHPaHO oceMensBane upes Difurol-1 u Difurol-2 npu xpaBu i OMBOJIULIA. .

3a npeunsupane Moa60pa Ha OMUTHHTE KUBOTHH U3MOJI3BAXME MPEAIONEHATA OT diermaTosa GHOJIOTHYHA TIPO-
64, C KOATO AUATHOCTHIIMPAXMe CKpHTUs enHoMeTpuT. Ha 24-Tus h cire/ 3aTUIOKIAHETO (OCEMEHSIBAHETO) H3BbPILIIXME
MHTpAayTepUHHO BIpbekpane Ha Difurol-1 1 Difurol-2, a B KOHTPOJIHATA FPYNIA U3MOJI3BAXME H30TOHUYCH PA3TBOP (0,9%
NaCl).

Ipenaparute Difurol-1 i Difurol-2, npuioXeH eXHOKPATHO HHTPAYTEPHHHO Ha 24-Tus h ciaen oceMeHIBaHETO
IIpH KPaBH, TOBUIIABAT 3aIUIOAEMOCTTa Ha 66,6% 10 90%, a npu kouTpoIuTe — 33,3% 10 40%.

Ipenapatute Difurol-1 u Difurol-2, npuioXeHn eIHOKPaTHO MHTPAyTEPUIHO Ha 24-Tus yac Cjie]l OCEMEHABAHE-
TO pu GUBOJIMIIA, TOBUIIABAT 3aIUIOAEMOCTTA 1O 83,3%, npu xouTposuTe — 50%, KOSTO € MOKA3aTeN 33 CKBUBAJICHTHA
KJIHAYHA TepaneBTHYHa e(eKTUBHOCT Ha [BaTa Npenapara.

FERTILITY IMPROVEMENT IN COWS AND BUFFALO COWS
TREATED AFTER INSEMINATION WITH
DIFUROL-1 OR DIFUROL-2

PARVAN PARVANOV!, JEKO BAICHEV!, KALOYAN TRAYKOV!, ANTON CARO!,
PASK AL JELYAZKOV?2, BORIS DONEV2, VLADI KIRILOV?
IFaculty of Veterinary Medicine, University of Forestry — Sofia
2Actavis J.S.C. — Bulgaria

Summary

This study was conducted to investigate the influence of the intrauterine antibiotic treatment on the conception
rate of cows and buffaloes inseminated artificially.

The study population comprised 44 Holstein cows and 18 buffaloes (Murrha x Bulgarian Buffalo). The cows
were separated into two groups: industrial farm cows and single- family farm cows. Each group was divided into three
subgroups: the first one was treated intrauterine with Difurol-1; the second group was treated intrauterine with Difurol-
2: the third one was a control group, treated intrauterine with 20 ml isotonic NaCl.

The buffaloes were separated into three subgroups. Those in group 1 were treated intrauterine with Difurol-1,
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BETEPUHAPHA MEJIMIIUHA, 'O/, IX, Ne 1-2
VETERINARY MEDICINE, VOL. IX, Ne 1-2
Codus e 2005 e Sofia

CPABHUTEJIHO ITPOYUYBAHE HA TEPAIIEBTUYHUS EGEKT
HA DIFUROL—1 1 DIFUROL-2, IIPUJIOKEHU 3A JIEKYBAHE
HA XPOHUYHHU EHIOMETPUTHU IIPU KPABU

I[TBPBAH ITbPBAHOB!, )KEKO FAMYEB!, CJIABOMUP CHUMEOHOB!,
TAHJDKY MEXMEJIOB!, KAJIOSIH TPAVIKOB!, TEOPTH JIEOHOB!,
EPCUH UBPAXMMOB!, AHTOH KAPO!, IPATOMUP UBAHOB!,
ITACKAJI XEJISI3KOB?2, HUKOJIA KOPY KU CKH3
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Pe3rome

C m3crenBanusTa Ce Leselne aa ce yCTAHOBH TepaneBTHYHATA e(eKTUBHOCT Ha paspaboTenute BHB pupma ,, Bai-
xaHpapma“ A, Pasrpaz, MHTPAYTCPUHHY CyCIICH3HOHHH JekapcTBeHu popmu Difurol—1 (Tetracycline hydrochloride,
exs. Ha 500 mg, Clioquinol, exs. Ha 500 mg # TOMOIIHY BelecTBa 10 20,0 g ) u Difurol—2 (Tetracycline hydrochloride
ekB. Ha 500 mg, Clioquinol, exs. na 500 mg, Tylosin base exs. ma 500 mg u noMomHx Bemecrsa 10 20,0 g ), npeanasxa
HCHH 32 JIEKyBaHE HA Pa3/IMYHY KIMHHYHYE (OPMH HA XDOHHYHH EHIOMETPHTH IIPH KPABH.

Ilpu onuteuTe Xpaswu, Gonau oT endometritis catarrhalis chronica, cnen Tpetupasnero uM ¢ Difurol—1 i Difurol—2,
KJIMHUYHO Osxa m3yiekysanu mo 83,3 %, 1okaTo B KOHTpPOJIHAaTa Ipyna, TPETUPaHHU C JIYTOJIOB pasTBop, Te ca 50,0 %. OT
Kpasure ¢ endometritis catarrhalis purulenta chronica IpOLEHTHT HA KITHHEYHO H3JICKyBAaHUTE CJIE HHTPAYTEPUHHOTO
BpbckBane Ha Difurol—1 6e 66,7 % , a ¢ Difurol—2 — 83,3 % , a or TPETHPAHHUTE C JIyrOJIOB Pa3TBOP MOJOKHUTEIEH
KJIMHIYEH eQexT Gelnre IoIy4en camo Ipu 50,0 % ot xuBorHuTe. OT GoONHUTE C endometritis purulenta chronica xpaswu,
cien siekyBare ¢ Difurol—1 6sxa osgpasenu 50,0 %, nokato Ip¥ Te3H, TpeTupanu ¢ Difurol—2, npouesTsT Ha usnexy-
BaHuTe 6€ 66,7 %. B KOHTpONIHATA IpyNa KIHHAIHO 031paBsiBaHe G€ perucTpUpaHo upu 33,4 % OT KUBOTHUTE.

Kurouosu nymu: Difurol—1, Difurol—2, kpasu, MHTPAYTEPUHHO NPHUIOKEHHE, XDOHMYHH €HAOMETPUTH.
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COMPARATIVE STUDY OF THE THERAPEUTIC EFFECT
OF DIFUROL—1 AND DIFUROL—2 ON CHRONIC ENDOMETRITIS
IN COWS

PARVAN PARVANOV!, JEKO BAICHEV!, SLAVOMIR SIMEONOV!, TANDJU MEHMEDOV!,
KALOYAN TRAIKOV!, GEORGI LEONOV!, ERSIN IBRAHIMOV!, ANTON CARO!,
DRAGOMIR IVANOV!, PASKAL ZHELIAZKOV2, NIKOLA KORUDIJIISKI3
IFaculty of Veterinary Medicine, University of Forestry — Sofia
2 Actavis — Bulgaria
JNational Diagnostic and Research Veterinary Institute ,,Prof. Dr. G. Pavlov* — Sofia

, Summary
The aim of the study was to examine the therapeutic effect of suspensions for intrauterine application manufac-
tured by Balkanfarma — Razgrad — Difurol—1 (Tetracycline hydrochloride — 500 mg, Clioquinol — 500 mg and |
excipiente ad 20,0 g) and Difurol—2 (Tetracycline hydrochloride — 500 mg, Clioquinol — 500 mg, Tylosin base — 500 mg
and excipiente ad 20,0 g), developed for treatment of different clinical forms of chronic endometritis in cows.
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IIPOYUBAHUS BHPXY JJOKAJIHATA U OBIIATA IIOHOCHUMOCT
HA JBA JEKAPCTBEHHU ITPOAYKTA - DIFUROL-1 1 DIFUROL-2,
TMMPETHASHAYEHU 3A UHTPAYTEPUHHA TEPAIIMA HA XPOHUYHUA
EHJIOMETPUTU ITPY1 KPABU 1 BUBOJIMIIN

)XEKO BAMYEB!, ITHbPBAH ITbPBAHOB!, CJJTABOMUP CUMEOHOB!,
TAH/DKY MEXMEJIOB!, AHTOH KAPO!, KAJIOSIH TPAMKOB!, TEOPI'Y JIEOHOB!,
JIPATOMUP UBAHOB!, ITACKAJI JXEJISI3KOB?2, BOPHC JIOHEB?, BJIAI KPUJIOB?
I®akynrer no Berepunapua Memunu#a npu Jlecorexuuueckus ysusepcuter — Codust
2_AxraBuc“ — Buirapus

Pesiome

IIpoyueHa e okanHaTa M o61aTa IOHOCHMOCT Ha npenaparure Difurol-1 u Difurol-2, npoussenenu B bankan-
tdapma — Pasrpan.

ITony4eHuTE Pe3yNTaTH ClE MHTPAyTePHHHOTO BIPBCKBAHE HA NPENapaTHTe B ABOMHA 1032 (2 CIPUHLOBKY) HA
KpaBH, GOJTHY OT XPOHHYEH KaTapaJHO-THOEH eHIOMETPHT IT0Ka3BaT, ue & HaJIuIle JoKauHa i oia nosocumoct. Tpern-
paHMTE KpaBH He Ca MOKAa3aj| NPH3HALM HA Bh3MAJCHUE, CTDAHWYHY PEAKIUH, KaTO Aerpecws, 60JKa, KOHTPAKIMK
eBaKyaIlus Ha JiekapcTBeHuTe BemecTsa. He ca HACTBIU/IM IPOMEHY B PEKTA/IHATA TEMIIEPATypa, NyJICOBATa ¥ AUXaTe/IHa
YecTOTa, PyMEHOBHTE IBWXEHMs, OOLIMS IPOTEHH, ypeaTa U 1p. OMOXUMHYRHM TokasaTenu. IIpu Tpetupanute 3apasu
KpaBy M GUBOJHIY C € JUHUYHH 03K OT [IOCOYEHHTE NPeNapaTH He e HabJIr01aBaT IPOMEHH B H3C/IEABAHUTE IOKA3aTEIH.

HWnTtpayrepunnoro npbeksane Ha Difurol-1 u Difurol-2 npu xpasu 1 GHBOJIMIM HE IPEAU3BLHKBA IPU3HALY HA
JIOKaJTHA ¥ 001112 HEMOHOCHMOCT.

STUDIES ON THE LOCAL AND TOTAL TOLERANCE OF DIFUROL-1
AND DIFUROL-2 USED FOR MEDICATION OF CHRONIC
ENDOMETRITIS IN COWS AND BUFFALO COWS

JEKO BAICHEV!, PARVAN PARVANOV!, SLAVOMIR SIMEONOV!, TANDJU MEHMEDOV',
ANTON CARO!, KALOYAN TRAIKOV!, GEORGI LEONOV!, DRAGOMIR IVANOV!,
PASKAL ZHELYAZKOVZ, BORIS DONEV?2, VLADI KIRILOV?

IFaculty of Veterinary Medicine, University of Forestry — Sofia
2Actavis — Bulgaria

Summary

The present studies examine the local and total tolerance of Difurol-1 and Difurol-2, manufactured by
Balkanfarma-Razgrad.

The results, compared after intrauterine application of Difurol-1 and Difurol-2 in double doses (2 syringes) in
cows with endometritis catarrhalis purulenta chronica, show that they are locally and totally well tolerated by the cows. |
The treated cows showed no signs of inflammation or side effects such as depression, pain, contraction, evacuation of i
the medicine. There was no change in the rectal temperature, pulse, respiration, rumenal movements, total protein, urea
or other biochemical parameters. The same results were obtained when treating healthy cows and buffalo cows with ;
single doses of Difurol-1 and Difurol-2. \

The intrauterine treatment of cows and buffalo cows with Difurol-1 and Difurol-2 does not bring about local or |
total intolerance. |
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BB3PACTOBU ITPOMEHHU B COMATOTHUITHUTE KOMIIOHEHTH ITPU
MJUIA/IM )KEHU

JIOBUMA XAPU3AHOBA'!, AHTOH KAPO?, HEBEHA IIEHYEBA*®

I Cmyoenm I-eu Kypc, cneuuannocm Kunesumepanus
2 Acucmenm, 0-p, kameopa Anamomusa u Quzuonozua
3 Hpogpecop, 0-p, kameopa Anamomus u Puzuonozus

BoBenenune. CoMaToTUNHMPAHETO € CHBPEMEHEH MOJXO]l 32 KOMIUIEKCHA KOJIMYECTBEHA
OIIEHKa Ha TEeJIOCJIOKEHUETO M ChCTaBa Ha TejecHara maca, pa3paboreH oT Heath & Carter
(1967), upe3 m3MepBaHe Ha aHTPOIIOMETHYHU TOKa3aTeNd, KOKHA I'bHKH M WU3YUCIISIBAaHE HA
Tpu comarotunHu komnoHeHTH (CK): - enmomopden kommnonent (EHK), otpassBam
y4acTHETO Ha MacTHaTa ThKaH; - Me3omopdeH kommoHeHT (MK), mpejacrapsin ckeneTHara
Myckyiarypa; u — ektomopden komnoneHT (EKK), cBbp3an ¢ T.Hap. TuHEapHOCT Ha TSIIOTO.
ComMaroTumnupaHeTo ce Ipuiara rnpu orneHsBane Ha mpomMennte B CK B xoma Ha pa3BUTHETO,
M3pacTBaHETO, BH3PACTOBH M3MEHEHHMsI, poJisita Ha reHeTH4HU (axtopu (Peeters et al., 2007)
M HAa4YWHA Ha )KUBOT, (PAKTOpW Ha OKOJHATA Cpella, BIMUSHUE HA XPOHWUYHH 3a00JISIBaHUS U TIP.
B mumreparypata ca mpexacraBeHu JokaszatesncTBa 3a auHamukara B CK mpu pasnuusn
CIIOPTHU JMCUHUILIMHY, KaTo Oeller 3a aJanTalliOHHU W3MEHEHUS U HUBO Ha TPEHUPAHOCT
(Stewart et al., 2003; Leake & Carter, 2007; Malousaris et al., 2008; Mielgo-Ayuso et al.,
2017), HO TakwWBa W3CJEIBAHWS BBPXY HETPEHUPAHH JKEHH ca  Oeryio MpeiCTaBeHH.
Crnenuduxara B KOHQUTYpaAIUATA HA )KEHCKOTO TS0, KATO KOHYC ¢ OCHOBAaTa HaJI0Jy, € 4acT
OT HWHTepeca KbM IMOJOOHM TpoyuBaHus. basupaiiku ce Ha U3IOXKEHOTO, OOEKT Ha
HACTOSIIOTO MpoyuBaHe e quHaMukara B CK mpu mMianu sxeHu.

Hea. [a ce onpegenst CK npu miiagm HeTpeHUpaHU xKeHu Mexay 18 mo 29 ronunwm, na ce
noTbpcu nuHamukara B CK, kato ce 000co0sT JBe BH3PACTOBU MOATPYNH U J1a CE U3UUCTSAT
KopeJannoHHU 3aBucuMocTr Mex 1y CK n HSIKOM OCHOBHH aHTPOIIOMETPHYHH ITOKA3aTelH.

Metoau. ExcnepumenTtute Osxa 000peHH OT YHHUBEpCHUTETCKaTa KOMHUCHUS IO €THKa Ha
Hay4YHUTE U3cje/BaHus. B n3cnenBaneTo yyacteaxa *eHH, KOUTO HE C€ 3aHMMAaBaT CUCTEMHO
¢ pusmyecko HaTOBapBaHe, Ha Bb3pacT oT 18 j0 29 rogunm. Crex 3amo3HaBaHe ¢ IU3aiiHA U
METOJIOJIOTHSITa HAa HM3MEpPBaHUATA, JUIAaTa MOANMcaxa JAeKjIapaiuu 3a HH)OPMUPAHO
chriacue u 0sixa 060coO6eHu B JIBe Bb3pacToBu nmoArpynu: ot 18 mo 21 rogunu (n=28); u ot
22 no 29 roquan (n=21). 3a onpeaeissHETO Ha coMaTroTuna Oe mprioxkeH meroaa Ha Heath &
Carter, onucan ot Duquet & Carter (2009). U3mepBanusta o6xBaiiaxa cjieHUTe apaMeTpu:
tenecHa maca (kg), ppcT (cm), 1Be OOMKOJIKK B ¢cm (HA MUIITHAIIA U TIpacel]), IBE IMIMPOYNHHA B
cm (Ha gemyp M XyMepyc) U TpU KOKHM T'bHKH B mm (Ha TpHIlENc, cyOcKamylapHa U
cynpacnuHaiHa). 3a n3uncisiBane Ha CK ca mpuiiokeHu ChOTBETHH PErPECHOHHN YPaBHEHUS.
CroiiHOCTUTE Ha KOOPIWHATUTE HA TOUKUTE, IMPEJCTABIIIN rpauuHO coOMATOTUINA B T.Hap.
comaTtorpama, ce U3UMcisiBaxa KakTo cienBa: - 3a octa Ox karo pasznuka mexny EKK u EHK;
- 3a octa Oy KaTo pa3iauka Mexnay yasoeHoto npoussenenue Ha MK u cymara mexxny EHK u
EKK. 3a Bcsko nure 6sxa n3uncienn CK u koopaunarure. Ocpennenurte croiinoctd Ha CK
U Ha TIOCOYEHUTE KOOPAMHATH, KAKTO U Ha BCUYKH OCTaHAIIM apaMeTpH 3a JABETE Bb3PacTOBU
rpyny, 0sfXa H3UMCIEHHM C JUCKPUNTHBHA CTATHUCTUKA WU IIpeicTaBeHH Kato X + SD.
Hanuuumero Ha cTaTUCTUYECKM 3HAYUMH pa3IiMyuusl MEXAYy CpeIHUTE CTOMHOCTH Ha
U3MEpEeHUTe MapaMeTpu Ha JBEeTe Bh3PACTOBU MOJATPYINH, O€llle TeCTBAHO ¢ HemapaMeTpuieH
tecT Ha Mann — Whitney (p<0.05). Koedumuentst Ha Pearson (p<0.05) Geme u34uucieH ¢
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»I naBHoTo uzuckBare B yyebHus npo-
yec e pazbupaHeto u TBopueckorto pewa-
BaHne Ha HOBu 3agauu. Ho 2raBHarta cnbH-
ka B ToBa oTHoweHue e 3anaMetsBaHeTo
u aBromaTuzauusTa Ha MaTepuana, 3a ga
moske cneg ToBa Ha Tazu ba3a ga ce nogaBa
HoBa uHpopmayus u ga ce pazBuBat HoBu
yMeHus. He 3anamersBaneTto e ocHoBHoTO
B obyuuTenHus npouec, a cb3gaBaHeTo Ha
mMucneHe, cbotBerctBawo Ha npugoburara
kBanudukayus, Ho nopagu ToBa, ue TO ce
aBsBa oepaHuvaBau, daktop 3a cv3gaBaHe-
TO U pa3zepbujaHeTo Ha ToBa MucaeHe, po-
asta My ce npeekcnonupa.” — . AozanoB

(1975).

»2\lobawurte poguteau, gobpute yyute-
Au, npu3zBaHu ga npegagat Ha caegBawurte
nokoneHus Bcuuko noaezHo, koeto ca yc-
neau ga Bb3npuemat oT npeguwHuTte noko-
neHus, kakto u HaTpynanus skutelicku onur,
cb3HaBalku kakbB ozpomeH obem uHdopma-
yus TpsbBa ga ycBosaT TexHuTe Bb3nutaHu-
Wu, gonpuHacsT 3a crecHsBaHe Ha kaHaauTe
3a u3yvaBaHeto Ha cBera. Te Hecb3HaTeAHO
BHywaBaT Ha geuarta cobctBeHus cu cTpax
oT ozpaHuyeHuTe yoBewku Bv3moxkHocTu, ot
ocb3HaBaHeTo u Bv3npueMaHeTo Ha pean-
HOCTTa, OT TpygHOCTTa ga ce cnpaBsT ¢ npe-
natctBusrta.” — P. HaueBa, A. lanoBcku, 3.

AymeBa (2012).






BbBEAEHUE

Ot MomeHTa Ha Bbv3zHukBaHe Ha yoBewkarta yuBu-
AU3auus go Hawu gHu npegaBaHeTo Ha 3HaHUS U yMeHUS
oT egHo nokoneHue Ha gpyzo ce sBsBa ocHoBen koMno-
HeHT Ha yyebHus npouec. AHec, B enoxata Ha uHpopMa-
yuoHHata peBoaloyus, obemMbT Ha 3HaHuUsATa u 0bxBaTbT
Ha yMeHusiTa, HeobxoguMu 3a ycnewHo yuyactue B ob-
wectBoto, ca Ha beznpeuegeHTHo Bucoko HuBo. [ToBu-
wenuTe uzuckBarus ce aBaBart ungukartop 3a Heobxogu-
MocT oT nosiBa Ha HoBu negazozuyecku nogxogu.

Tagzu MoHozpadus ce cTpeMu ga npoyuu Hskou
du3zuonozuvecku acnektu Ha yyebHus npouec u TsxHa-
Ta uHTezpauus B cbBpeMeHHuTe MeTogu Ha obyueHue.
[MpegcraBenute B Hes aHanuzu u ualoctpatuBhu pa3-
pabotku ca HacouyeHu kbMm onTumuzupaHe Ha yuebHus
npouec U nognoMazaHe Ha npenogaBateaute, HO cbwo
Taka u Ha obyuaemute, He3aBucumo gaau yyeHuuu uAu
cTygeHTu, B ycnewHoto um cnpaBsHe ¢ HapacTBawuTe
npegu3BukateactBa, kouto cToat npeg yyebHus npouec.

Obwonpueto e ga ce cMaTa, Ye yuebHuAT npouec
npegcraBasBa cuctemaTuyHa u opaaHu3upaHa geliHOCT, Ha~-
coueHa kbM npegaBaHe, npugobuBaHe u ycBosBaHe Ha 3Ha-
Husi, yMeHusi u komneTeHTHOCTU, kato cTumyaupa kputuy-
HOTO MucheHe, pa3Burtueto Ha TBopueckute cnocobHocTtu,
dopMupaHeTo Ha coyuaAHu yMeHus u nogeoTBs uHguBu-
gute 3a aktuBHo yuactue B obwiectBoro.

B gHewHus obpazoBatenen konteket, obaue, ak-
UeHTHT YecTo naga Bvpxy koeHutuBHuTe u uHdopma-
YuoHHU acnekTu Ha yyebHuUs npouec, YecTo ce nponyc-
kat ¢duzuonoeuurute npouecu, croswu B ocHoBata Ha
emouuute, MotuBayusta, noBegeHueto, obyuyeHuero,
nametTta, kouto umat cbwo TonkoBa BaxkHo BausnHue
Bbpxy yuebHus ycnex.

9



Tazu MoHozpadus cucteMatuzupa Guzuoro02UYHU-
e acnekru, kato pazeanexkga yuebHus npouec upe3 npu-
3Mata Ha yyeHueto Ha [laBaoB 3a ycnoBrus pedaeke,
Ha Te3aTa 3a emMouusTa Ha ovyakBaHeTo Ha bextepeB u
Ha NPUHUUNU OT UHTezpaAHaTa ncuxoTepanusi ¢ Npu-
noxkeHue B negazozukata, popmyaupaHu ot Ao3zaHoB.
Obpbwa ce cneyuanHo BHumaHue Ha BakHoctTa Ha
B3aumogetictBueto Mekgy ncuxuueckute u ¢uzuono-
2uyHuTe npouecu B yyebrus npouec kato HeoTrgeauma
yacT oT cb3gaBaHeTo Ha xapMoHuuyHa u baraHcupaHa
obpazoBarteaHa cpega.

MoHozpadusita uma 3a uen ga obozatu cbwiectBy-
BawuTe npegcraBu 3a yuyebHus npouec u ga gonpuHe-
ce 3a no-edektuBHo ycBosBaHe Ha 3HaHuUs u yMeHus.
Ype3 Ta3zu MoHozpadus ce npegrazaT peweHus Ha Hs-
kou ¢pyHgameHTanHU npensTcTBus, cBbp3aHu ¢ Auncata
Ha pa3bupaHe 3a cTolHOCTTa Ha u3ydyaBaHus MaTepuan
u HezoBoto HenocpegcTBeHo npakTuyecko npunokerue
B kuBora, kouto yecto cvnvrcTBar yuebHus npouec u
Bogst go Hucku obpazoBateaHu pezyatatu. Anaauzu-
paHeTo Ha Bb3gelcTBueTto Ha puzuonocezuyHuTe pakTopu
Bupxy yuebrus ycnex moke ga goBege go dpopmupane
Ha HOB Tun oTHoweHue kbM yuebHus npouec ot cTpaHa
Ha obyuaeMuTe, go no-gobpo pazbupane Ha uHguBugy-
aAHUTe uM notpebHocTu u cTpykTypupaHe Ha obpazo-
BaTeaHuTe MeTOgu.

[TogobaBawoto BkalouBane Ha ¢uzuonozuvecku-
Te acnektu B yuyebHus npouec Moke ga gonpuHece 3a
cb3gaBaHeto Ha HoBa obpazoBateaHa napaguzma. Ts
Moxke ga npomeHu HauuHa, no kolTto Bb3znpuemame,
uHTepnpetupame, pa3bupame u npaktukyBame obpa-
3oBanueto, kato noguepraBa unTtezpatuBrus xapakrtep
Ha yoBewkaTa ncuxoduzuonoaus u BausHueto U Bbpxy
noctuzaHeTo Ha xkenaHu obpazoBarteAHu pe3yaTaTu.

10



MotozpadusTta e HacoueHa kbvM konaeaute ¢uzu-
ono3u, kbM negazo3zuTe, yuuTeauTte, yHuBepcutetckure
npenogaBateau, Ho cbwio Taka u kbM poguTeaute, kou-
To TbpcaT HoB nogxog kbvM cBouTe geua B uHdpopma-
YUOHHaTa epa.
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Mouoa‘})aq)usrra umMa 3a_ uyen ga obozartu
cbwectByBauwuTe npegcraBu 3a yuebHus npoyec u ga
gonpuHece 3a no-edektuBHo ycBosBane Ha 3HaHus u
yMmenus. Ype3 Tagu MoHozpadus ce npegaazat
peweHus Ha Hakou ¢yHgamenTarHu npenstctBus,
cBbp3aHu ¢ Auncarta Ha pazbupaHe 3a croliHocTTa Ha
ugyvaBanua Matepuan u HezoBoTo HenocpegctBeno
npaktuuecko npunaokenue B uBora, kouto uecro
conbrctBar yuebuus npouec u Bogar go Hucku
obpagoBateanu pegyatatu. AHaAuzupaHeTo Ha
Bb3gelictBueto Ha duzuonozuunute paktopu Bbpxy
yuebHus ycnex moke ga goBege go ¢popmupaHe Ha
HoB Tun oTHowenue kbM yuebHus npouec ot ctpana
Ha obyvaemute, go no-gobpo pazbupaHe Ha
uHguBugyaaHuTte um notpebHoctu u crpykTypupane
Ha obpazoBaTteaHuTte MeTogu.
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FOREWORD

This monograph connects the evolution of the brain in
mammals, the development of intelligence in animals and
humans, and the role of emotions in both animal and human
life. The author’s contributions to the field are both original
and practical, providing readers with not only knowledge
but also tools for personal growth and emotional well-being.
The readers may acquire a new perspective to a well-known
theme and obtain a deeper understanding of what it is to be
a human. Readers may also experience the interconnection
of emotions, secretion of biologically active substances to
which people may become addicted and then to transpose
to patterns of acquired reflexes (learned behaviors) and
how our emotions, shaped by the evolution of our brain and
intelligence, influence our lives in ways we are only beginning
to fully appreciate.

From the moment life emerged in the oceans, few
evolutionary steps have been so transformative as the
evolution of the brain. The development from simple neural
tube to the complex organ that houses thoughts, emotions,
and underlie certain patterns of behavior is significant. The
presented monograph examines this evolutionary pathway,
emphasizing the interconnection between brain development
and emotions that are often described in literature as powerful
and overwhelming forces that significantly shape our existence.



The author describes brain evolution in mammals with
an emphasis on the limbic system, the part of the brain
responsible for processing of emotions, which evolved as
critical survival mechanisms. As the brain evolved, its capacity
to process emotions increased. At the time emotions served
as an early detection system (indicators) for potential threats
and opportunities. The evolution of brain would also mean that
emotions followed the steps to increase their number, as well
as their complexity, for better adaptation to the ever changing
environment. Some emotions would increase the chances for
survival, while others would promote social interaction and
increase the quality of life within the population. According
to the author without the evolution of the brain, not only our
cognition, but also our capacity for emotions would not exist
the way we know it today. A high probability exists that with
lower capacity for emotions our civilization would not be the
same.

Brain evolution is linked to intelligence. The author
guides us through the evolution of intelligence as an essential
component of social interactions in non-human and human
animals. Intelligence is defined not merely as a tool for
problem-solving or abstract thinking, but as a fundamental
skill for social interaction within the population. The ability to
understand, predict, and influence the behavior of others has
always been crucial for survival in social species, and humans
are no exception. Of course, not every situation can be hold
under control and the knowledge on emotions encompasses
that notion.
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This monograph pays special attention to the deep
interconnection between intelligence and social emotions. The
survival of our ancestors depended not only on their physical
abilities but also on their capacity to adapt to life: to cooperate,
to compete, and to form alliances. Social emotions such
as empathy, pride, and guilt form social intelligence, which
regulates interpersonal relationships and maintains social
order. The author’s exploration of this topic provides original
and accessible interpretation to the readers by describing how
emotions are connected to our evolutionary past.

Central to this observation is the author’s original
framework for understanding and managing emotions. There
are 8 emotions that can be identified as basic, and every basic
emotion may serve as a source for new emotions to emerge.
Choosing one emotion for each basic emotion, the author
created a set of 16 emotions altogether that are described not
only as psychological states but also as indicators that can
guide human behavior in specific contexts. The author reports
that emotions act as internal compasses, pushing us towards
actions that fulfill our needs and help us study, understand
and manage the complexities of life. A possible example is
fear that serves as alert to danger, prompting a fight-or-flight
response, while joy signifies the completion of a specific task
or more abstract needs that lead to wholeness.

The author continues further by identifying the fundamental
needs thatunderlie the described emotions. By acknowledging,
recognizing and understanding these needs, an individual can
better understand why certain emotions arise and how they

11



can be effectively regulated. This framework offers valuable
insights for both personal development and therapeutic
practices, enabling individuals to identify and address the root
causes of their emotional responses.

In addition to the work on emotions, the author also
provides practical strategies for managing them, based
on Tobin’s theory. The coping strategies outlined in this
monograph are presented through the author’s distinctive
perspective, offering fresh insights and clear definitions.
Whether addressing problem-solving, seeking social support,
or employing cognitive restructuring, the author presents
these strategies with precision, using clear examples that
make them accessible to a wide audience.

Another original contribution in this monograph is the
tool designed for practicing emotional intelligence, organized
as a set of cards for a game. This practical method not only
makes the complex concepts of emotional intelligence more
approachable but also offers an engaging and interactive way
to apply these concepts in everyday life. The tool encourages
participants to connect with their own emotions and those
of others in a constructive manner, promoting a deeper
understanding and mastery of emotional intelligence for a
more examined life.

12



oh

| | | : | :
- i 1
5?52

| ]

|

I
| I
[ |




—190-me-

RUKVITS FOUDATION
2023



ANTON CARO

VOLTAGE-DEPENDENT CALCIUM
CHANNELS IN RODENT HIPPOCAMPUS



VOLTAGE-DEPENDENT CALCIUM CHANNELS IN
RODENT HIPPOCAMPUS

© AHTOH Kapo, aBTop

© kopuua —

© Prof. Dr. Alexandra Koschak — peLieH3eHT

© Prof. Dr. Jutta Engel — peuieH3eHT

© Prof. Dr. Jan Galik — peueH3eHT

ISBN 978-619-154-550-6



ANTON CARO

VOLTAGE-DEPENDENT
CALCIUM CHANNELS IN
RODENT HIPPOCAMPUS

BUKVITE FONDATION
2023






FOREWORD

This book is based on a dissertation funded
under Human resources and Mobility in the specific
programme for research, technological development,
and demonstration “Structuring the European
Research Area” under the Sixth Framework
Programme 2002-2006, part of the Marie Curie
training network CAVNET.

The dissertation has three reviewers:

1. Prof. Alexandra Koschak from the Medical
University in Vienna, Austria.

2. Prof. Jutta Engel from the University of Saarland
in Homburg, Germany.

3. Prof. Jan Galik from the University in Kosice,
Slovakia.

The dissertation was successfully defended on
15 March 2012 at the Institute of Molecular Physiology
and Genetics in Bratislava, Slovakia.






CONTENT

FOREWORD. ..o 5
ABSTRACT ... s 11
LIST OF ABBREVIATIONS ..........ccoiirirrninesennnens 13
1. INTRODUCTION. ... 15
2. LITERATURE REVIEW........ccoirren e 17
2.1. Voltage dependent calcium channels ................ 17
2.1.1. Classification...........cccccvvvreineseseseeeeee e, 17
2.1.2. Calcium channel subunits..........ccccccoevevrerenee. 22
2.1.3. Pharmacological properties of VDCC.............. 24
2.2. The hippocampal formation .............cccceveveuneee. 27
2.2.1. Subdivisions of hippocampal areas................. 28
2.2.2. Pyramidal cells of CA1......ccoooeveveeecece, 30
2.2.3. Pyramidal cells of CA2 and CA3 ..................... 30
2.2.4. Excitatory and inhibitory synaptic inputs.......... 31
2.2.5 Axon morphology and synaptic targets ............ 32
2.3. The Action Potential............cccoooeevveiiccecee, 33
2.3.1. OVEIVIEW......ecveeiereeetee et 33
2.3.2. The properties of the action potential .............. 35
2.3.3. Voltage dependent channels that contribute
to an action potential ... 38
2.4. Calcium Channels and Their Role in the
Central Nervous System .........ccccoveeivivnreseeeneenenns 45
2.4.1. Neuronal Ca, 1.2 and Ca, 1.3 calcium channels.... 45
3. AIM OF THE STUDY........ccovmrnrrrnrrnnes s ssss s 50
4. METHODS ... 51
4.1.Patch Clamp .....cccoeveecicceeeceececece e, 51



4.1.1. DeSCription ........ccceveveeviiiceeecece e, 52

4.1.2. Patch-clamp configurations.............ccccccevennne. 53
4.1.3. EQUIDMENt ..., 57
4.1.4. ProtOCOIS.......cccveviirerieicice e 58
4.1.5. Data analysis ..........ccceuveevevereinieeneeee e 63
4.2. Neuronal isolation............ccccevevrseresciseiscecene 64
4.2.1. Primary culture of neonatal hippocampal
NEUIONS.....cucvreretetereteeseeesesesesesesesesssessssssssssssssesesesesesnnns 64
4.2.2. Composition of experimental solutions............ 65
4.3 Molecular biology techniques ............cccccevvennne. 67
4.3.1 DNA isolation from living cells...........ccccevurrrrernnneee. 67
4.3.2. Gene silencing by SIRNA..........cccoovievreeecnene, 67
4.3.3. Cell Transfection by siRNA ........cccoevreeenne, 69
4.3.4. RT-PCR ..ot 71
4.3.5. Agarose electrophoresis ..........c.ccceeveereereinnnes 74
5. RESULTS ... e 75

5.1. Basic characterization of excitability of ¢

ultured hippocampal neurons............cccccovveeeveeeennee. 75

5.2. Contribution of L-type calcium current to
excitability of cultured rat hippocampal neurons

assessed by DHP. ..., 84
5.2.1. Nimodipine-sensitive calcium current.............. 84
5.2.2. Effect of nimodipine on hippocampal excitability91
5.2.3. Nimodipine did not affect sodium current......... 96
5.2.4. Effect of nimodipine on potassium currents ....97
5.3. CACNA1C Gene Inactivation by siRNA ............... 107

5.3.1. Concentration dependence of siRNA effect. . 107



5.3.2. Basic properties of siRNA-transfected cells. . 110
5.3.3. Effect of siRNA on repetitive action potential firing114

6. DISCUSSION ... 117
7. CONCLUSIONS. ... 125
8. REFERENCES ... 128
9. SUMMARY ...t snss s s sn s 157
10. REVIEWS ... 163
10.1. Review by Prof. A. Koschak............cccccvueneee 163
10.2. Review by Prof. J. Galik. ...........ccoovveveviieennns 170

10.3. Review by Prof. J. Engel...........cccovvvevvvvieennns 170



10



ABSTRACT

L-type voltage-dependent calcium channels
(LTCC) play an important role in memory formation
and gene expression in the hippocampus. Our goal
was to investigate the contribution of L-type calcium
channels and more specifically of Ca, 1.2 channel to
neuronal excitability. We evaluated and compared
inward calcium currents, single action potentials
and action potential series in presence and absence
of LTCC. As experimental model we used primary
culture of neonatal rat hippocampal cells. Channel
activity was regulated by use of dihydropyridine
L-type calcium channel blocker nimodipine, and
by gene silencing of the gene for Ca 1.2 channel
by siRNA. Currents and action potentials were
recorded in whole-cell patch clamp configuration.
The presence of 10 uM nimodipine inhibited about
35— 50 % of the total calcium current and blocked the
generation of AP in series, induced by a prolonged
depolarizing current pulse. It was unlikely that the
latter effect could be attributed to block of LTCC only,
therefore we examined possible effect of nimodipine
on potassium and sodium conductances. Sodium
current was not affected. Nimodipine blocked both
calcium-activated and voltage-dependent potassium
channels. Calcium-activated potassium channels
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are coupled to voltage-dependent calcium channels.
Therefore, observed inhibition could be indirect due to
inhibition of calcium entry, or due to direct interaction
of nimodipine with the channel. Voltage-dependent
potassium channels were inhibited directly perhaps
by an open channel block. Further, we studied the
individual contribution of Ca 1.2 channel by silencing
corresponding gene by siRNA. We verified decreased
level of MRNA for the Ca, 1.2 channel by RT-PCR and
by functional test. Ca, 1.2 gene silencing significantly
decreased the proportion of nimodipine-sensitive
calcium current and the concentration of mRNA
for the Ca 1.2 channel. Pattern of firing series of
action potentials and the basic electrophysiological
parameters of neurons, like cell capacity and input
resistance did not change.
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ABSTRACT

Electrophysiology serves as an indispensable instrument in the investigation of the physiological and
pathological characteristics of electrically active cells and their interconnected networks. The patch clamp
method exhibits remarkable flexibility and can be employed in numerous configurations to examine a spectrum
of properties.

However, adequate protocols are essential for precise measurements, ensuring the accuracy and repro-
ducibility of experiments. The diversity of cell types requires tailored approaches, adding complexity and
highlighting the need for robust protocols to enrich our understanding of neural functions.

The protocols proposed by the author represent a thoughtful contribution to the study of CA1 hippocam-
pal neurons. They are designed to align with the physiological characteristics of these neurons, allowing suf-
ficient time for cellular recovery following each electrical stimulus, avoiding artifacts caused by cellular fa-
tigue. The protocols take into consideration the properties of the voltage-gated channels expressed, proving to
be suitable for the study of neuronal excitability.

Key words: electrophysiology, excitability, patch clamp, input resistance, action potential.

Introduction

Nearly four decades ago, the advent of the patch clamp technique marked a significant break-
through in Cellular Physiology and Biophysics by adding experimental value to the Hodgkin—Hux-
ley model of the squid giant axon (Hodgkin et Huxley 1952) that earned its creators the Nobel prize
in physiology in 1963, serving this way as a refinement of the voltage clamp (Neher et Sakmann
1976). This novel electrophysiological approach enabled scientists to observe the behavior of indi-
vidual ion channels within the cell plasma membrane in their natural environment. Initially intro-
duced for its ability to investigate single ion channels (Neher et al. 1978), the patch clamp method
proved to be more versatile and powerful than anticipated, leading to the development of multiple
configurations (Hamill et al. 1981). These configurations have profoundly enhanced our under-
standing of cellular electrical signaling, fundamentally transforming our knowledge of both tradi-
tionally excitable cells, such as neurons (Bean 2007; Santillo 2024) and muscle cells (Kornreich
2007), as well as other cell types such as chromaffin cells (Carbone et al. 2019), -cells (Fridlyand
et al. 2009) and even going beyond to in vivo recordings (Wang et al. 2016).

The patch clamp is an electrophysiological technique used to study the electrical properties of
cells, cell membranes and occasionally isolated organelles. All patch-clamp configurations rely on
a very high-resistance seal between a micropipette and a membrane. The seal is usually obtained
by gentle suction. Erwin Neher, Bert Sakmann and Dieter Lux developed the patch clamp in the
late 1970s and early 1980s (Hamill ef al. 1981). Neher and Sakmann received the Nobel prize in
physiology in 1991 for this work (Neher 1992).

To conduct the desired studies, adequate protocols are needed. These protocols ensure preci-
sion in measurements, which is critical for achieving accuracy and reproducibility in experiments.



ELECTROPHYSIOLOGICAL CHARACTERIZATION OF DIFFERENTIATING
NEONATAL RAT HIPPOCAMPAL NEURONS

Anton Caro
Medical University — Pleven, Pleven 5800, Bulgaria, 1 St. Kliment Ohridski Blvd,
e-mail: anton.caro@mu-pleven.bg

ABSTRACT

This study investigates the differentiation and electrophysiological properties of neonatal rat
hippocampal CA1 neurons cultured in vitro. Primary hippocampal neurons were extracted from 1-2 day old
postnatal rats and cultured for a period of up to 13 days. Electrophysiological recordings were conducted
using the patch-clamp technique on days 4 to 11, and 13 in vitro (DIV). Key parameters measured included
resting membrane potential, input resistance, and cell capacitance.

Notably, the input resistance started to decrease significantly after 6 DIV, whereas the resting
membrane potential and cell capacitance remained relatively constant over time. These findings suggest that
these neurons undergo differentiation without a concomitant increase in size and provide valuable insights
into the electrophysiological behavior and differentiation patterns of neonatal rat hippocampal neurons in a
controlled environment.

This research contributes to the broader understanding of neuronal development and has potential
implications for neurological studies.

Key words: patch-clamp; excitability; action potential; input resistance; hippocampal neuron.

Introduction

In vitro studies of hippocampal neurons derived from neonatal rats have been instrumental
in advancing our understanding of neuronal development, intrinsic excitability, and synaptic
integration. The hippocampus, a central structure in the mammalian brain, plays a critical role in
learning, memory formation, and spatial navigation. Within this region, CA1 pyramidal neurons are
particularly well-characterized for their distinct electrophysiological profiles and developmental
trajectories (Kandel et al., 2013; Spruston and Johnston, 1992).

Culturing hippocampal neurons provides a controlled environment to investigate how
intrinsic membrane properties evolve during early differentiation. Parameters such as resting
membrane potential, input resistance, and membrane capacitance are key indicators of neuronal
maturity and functional readiness. These properties are shaped by the dynamic expression of ion
channels, changes in membrane morphology, and the establishment of synaptic networks (Debanne
et al., 2019; Bean, 2007).

This study focuses on CA1 neurons cultured from neonatal rats, examining their
electrophysiological characteristics between 4 and 13 days in vitro (DIV) — a critical window during
which neurons undergo rapid differentiation and begin to exhibit mature firing patterns. By tracking
changes in resting membrane potential, input resistance, and capacitance, we aim to elucidate the
timeline and mechanisms of neuronal maturation in vitro.

Materials and methods

Primary cultured hippocampal neurons were extracted from neonatal rats at 1-2 postnatal
day. The neurons selected for electrophysiological recordings exhibited prominent pyramidal
morphology with well-defined dendritic processes. The cultures were sustained for a period of 13
days. A recovery post-isolation period was obligatory, as no detectable calcium currents were
observed prior to 4 days in vitro (DIV). Electrophysiological experiments were conducted on 4
DIV, 5 DIV, 6 DIV, 7 DIV, 8 DIV, 9 DIV, 10 DIV, 11 DIV, and 13 DIV.



