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Abstract

The eukaryotic cell nucleus is a central organelle whose architecture determines genome function at
multiple levels. Deciphering nuclear organizing principles influencing cellular responses and identity
is a timely challenge. Despite many similarities between plant and animal nuclei, plant nuclei present
intriguing specificities. Complementary to molecular and biochemical approaches, 3D microscopy is
indispensable for resolving nuclear architecture. However, novel solutions are required for capturing
cell-specific, sub-nuclear and dynamic processes. We provide a pointer for utilising high-to-super-
resolution microscopy and image processing to probe plant nuclear architecture in 3D at the best
possible spatial and temporal resolution and at quantitative and cell-specific levels. High-end imaging
and image-processing solutions allow the community now to transcend conventional practices and
benefit from continuously improving approaches. These promise to deliver a comprehensive, 3D view
of plant nuclear architecture and to capture spatial dynamics of the nuclear compartment in relation to
cellular states and responses.

Pe3ome

EykapHOTHOTO KJIETBYHO $SAPO € OCHOBHA OpraHela, YHATO apXUTEKTypa ompeaeis (yHKUUSATa Ha
TeHOMa Ha MHOXKECTBO HMBA. [lemmdpupaHeTo Ha NPUHIMITUTE 32 SAPEHO OpPraHU3UpaHe, BIUSEIH
BBPXY KJIETHYHUTE OTTOBOPHU U UIEHTUYHOCT, € CBOEBPEMEHHO IPEAN3BUKATEIICTBO. BBIpeKu MHOTOTO
CXOJICTBA MEKIY PACTUTEIHNUTE U )KUBOTUHCKUTE Spa, PACTUTEIHUTE SApa NPEACTaBIT MHTPUTYBAIIN
cnennpuku. B JombIHEHHE KbM MOJIEKYISIPHUS U OMOXMMHUYHUS Toaxon, 3D Mukpockomusita e
He3aMeHMMa 32 pa3pellaBaHe Ha speHara apxuTekTypa. HoBu perieHus ca HeoOX0MMH 3a H3MEpBaHe
Ha crnenu@UYHU 3a KIETKUTE, SAPeHH M AWHAMUYHM npouecd. Hue npennarame ykasaHus 3a
M3II0JI3BaHEe HA MUKPOCKOIMS ¢ BUCOKA Pa3feiUTENHa CIOCOOHOCT M 00paboTka Ha U300paskeHus, 3a
Ja ce Mpoy4yd SsApeHata apxUTeKTypa Ha pactenusta B 3D mnpu BB3MOXKHO Hai-moOpata
MPOCTPAHCTBEHA M BPEMEHHa pa3/eiMTeIHAa CIIOCOOHOCT M Ha KOJNWYECTBEHO M CHEUU(UYHO 32
knetkute HUBO. CoTyephbT 3a 00paboTKa W aHAIN3 Ha M300paKEHUSI OT BUCOK KJIac MO3BOJISBAT Ha
HayyHaTa OOIIHOCT Ja HAaAXBHPIM KOHBEHIMOHATHUTE TPAaKTUKH M Ja Ce€ BB3IMOI3Ba OT
HEMpPEeKbCHATOTO Moo0psaBaHe Ha moaxoauTe. Te o0emanar /1a MPeaoCTaBsIT ISUIOCTEH, TPHU3MEPEH
W3IJIE]] Ha iApEHAaTa apXUTEKTypa Ha pacTEHUATA U 1a IEMOHCTPUPAT IPOCTPAHCTBEHATA AMHAMUKA HA
AIPEHNTE KOMITAPTMEHTH TI0 OTHOIIEHHE Ha Pa3NYHHUTE (PU3UOJOTHYHU KIETHUHUTE CHCTOSHHS U
peakuuu.
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P2017G2 | B Prodanov, D., Toth, V.T. Sparse Representations of Clifford | |
and Tensor Algebras in Maxima. Advances in Applied
Clifford Algebras 27, 661683 (2017). Doi: 10.1007/s00006-016-
0682-x, ISSN 1661-4909

Abstract

Clifford algebras have broad applications in science and engineering. The use of Clifford algebras can
be further promoted in these fields by availability of computational tools that automate tedious routine
calculations. We offer an extensive demonstration of the applications of Clifford algebras in
electromagnetism using the geometric algebra G3= CI(3,0,0) as a computational model in the Maxima
computer algebra system. We compare the geometric algebra-based approach with conventional
symbolic tensor calculations supported by Maxima, based on the itensor package. The Clifford algebra
functionality of Maxima is distributed as two new packages called clifford—for basic simplification of
Clifford products, outer products, scalar products and inverses; and cliffordan—for applications of
geometric calculus.

Pe3iome

KingoproBute anredpu MMaT MHPOKO MPHIOKEHUE B HayKaTa U MHXKEHEpCTBOTO. M3nomsBanero Ha
anreOpu Ha Kimudopa Moxe na Obje HONBIHUTEIHO HACHPYCHO B TE3U 00JIACTH Ype3 HAIMYMETO Ha
W3YHCITUTEHN HHCTPYMEHTH, KOUTO aBTOMATH3HMPAT I0CaIHH PyTUHHU n3uncienus. Hue npenmarame
o0mmpHa JeMOHCTpanus Ha TmpmiokeHusTa Ha Kimdopn anredpm B eneKTpoMarsHeTusma,
n3non3Baiiku reomerpuunara anreopa G3= CI(3,0,0) karo u3umciauTeNCeH MOJAEN B cHCTEMara Ha
KOMIIOThpHaTa anredpa Maxima. CraTusita cpaBHsBa 0Xx0/a, 0a3upaH Ha TeOMETpUYIHA aredpa, C
KOHBEHIIMOHATHUTE CHMBOJIHM TEH30PHU U3YUCIICHUS, ITO/Ibp)KaHl 0T Maxima, Bb3 OCHOBA Ha MaKeTa
itensor. dyuxrronanHocTTa Ha anrebpara Clifford Ha Maxima ce pasmpocTpaHsBa KaTo JBa HOBH
naketa, HapedeHu clifford - 3a ocHoBHO omnpoctsiBane Ha Clifford mpoaykTH, BHHIIHM MPOIYKTH,
CKaJlapHU MPOIyKTH 1 oOpbiIane; u cliffordan - 3a npunosxeHus: Ha TeOMETPUYHHS KAIKYIIYC.

P2017G B Prodanov D, Clifford Algebra Implementations in
Maxima, Journal of Geometry and Symmetry in Physics 43, 73-
105, 2,2017, ISSN 1312-5192

Abstract

This tutorial focuses on the packages clifford and cliffordan for the computer algebra system Maxima.
Maxima is the open source descendant of the first computer algebra system and features a rich
functionality from a large number of shared packages. The Maxima language is based on the ideas of
functional programming, which is particularly well suited for transformations of formal mathematical
expressions. While clifford implements Clifford algebras Cl(p,q,r) of arbitrary signatures and order
based on the elementary construction of Macdonald, cliffordan features geometric calculus
functionality. Using clifford expressions containing geometric, outer and inner products can be
simplified. Applications of clifford and cliffordan in linear algebra and calculus are demonstrated.

Pe3rome

To3u cratus ce dokycupa Bopxy nakerute Clifford u cliffordan 3a cucremara 3a xommroTbpHaTa
anre6pa Maxima. Maxima e cucteMa ¢ OTBOPEH KOJT ¥ IIPOM3X0K/a OT IIbpBaTa KOMITIOThpPHA ajredpa
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cucreMa. Maxima pasnosnara ¢ 6orata GyHKIHOHATHOCT OT TOJIsiM Opoii criofiesieHn akeTu. E3uKbT
Ha Maxima ce ocHOBaBa Ha (YHKIIHOHAIHOTO TPOTpaMHpaHe, KOETO € OCOOEHO MOIXOAAII0 3a
Tpanchopmar Ha (GopmanHE MaTemMaTwdecku m3pasu. Jlokaro clifford BHempsiBa knmdopaoBu
anredpu Cl (p, g, r) Ha IPOU3BOJIHU CUTHATYPH U pell, 0a3upaHu Ha eJIeMEeHTapHaTa KOHCTPYKIIMS Ha
Macdonald, cliffordan pasmosara ¢ reomerpudHa (YHKIMOHAIHOCT Ha cMmsTaHe. M3non3BaHeTo Ha
KIH(OPIOBH M3pasy, ChABPXKAIIM T'€OMETPHYHU, BHHIIHM M BBTPELIHU NPOMYKTH, MOXe Ha Obre
orpocTeHo. JlemoHncTpupanu ca npunoxenus Ha clifford u cliffordan B nuneiina anredpa u Kajaxymyc.

P2016B B Prodanov D, Delbeke |, A model of space-fractional-order | 9
diffusion in the glial scar, Journal Theoretical Biology,
403(21): 97-109, 2016, ISSN 0022-5193, doi:
10.1016/].jtbi.2016.04.031

Abstract

Implantation of neuroprosthetic electrodes induces a stereotypical state of neuroinflammation, which is
thought to be detrimental for the neurons surrounding the electrode. Mechanisms of this type of
neuroinflammation are still poorly understood. Recent experimental and theoretical results point to a
possible role of the diffusing species in this process. The paper considers a model of anomalous
diffusion occurring in the glial scar around a chronic implant in two simple geometries — a separable
rectilinear electrode and a cylindrical electrode, which are solvable exactly. We describe a hypothetical
extended source of diffusing species and study its concentration profile in steady-state conditions.
Diffusion transport is assumed to obey a fractional-order Fick law, derivable from physically realistic
assumptions using a fractional calculus approach. Presented fractional-order distribution morphs into
integer-order diffusion in the case of integral fractional exponents. The model demonstrates that
accumulation of diffusing species can occur and the scar properties (i.e. tortuosity, fractional order, scar
thickness) and boundary conditions can influence such accumulation. The observed shape of the
concentration profile corresponds qualitatively with GFAP profiles reported in the literature. The main
difference with respect to the previous studies is the explicit incorporation of the apparatus of fractional
calculus without assumption of an ad hoc tortuosity parameter. The approach can be adapted to other
studies of diffusion in biological tissues, for example of biomolecules or small drug molecules.

Pe3iome

WmnnaHTtanusita Ha HEBPO-NPOTE3HH €IEKTPOAM MPEAM3BHKBA CTEPEOTUITHO CHCTOSHHE Ha HEBPO-
BB3MAJIEHHE, KOETO CE CMsTa 3a BPEIHO 332 HEBPOHUTE, 3a00MKAISIIM eJeKTpoaa. MexaHu3MuTe Ha
TO3M THII Bb3NAJIEHUE Bce omle ca ciaabo pazOpanu. [locienHure ekciepuMEHTATHN M TEOPETHYHH
pe3yaTaTd covyar BB3MOXKHATAa poiisi Ha audy3upaiiuTe cyOcTaHmuud B TO3W mporec. Crartusra
pasriexxaa Mozaes Ha aHoMajiHa Au(y3us, Bb3HUKBAIIA B TJMATHHUA [IMKaTPUKC 0Opa3yBall ce OKOJIO
XPOHUYEH MMILUIAHT B JIBE MPOCTH I'€OMETPUH - MPABOJIMHECH €NEKTPOA M LWJIMHAPHYEH eJEKTPO/,
KOUTO ca TOYHO paszpemmmMu. OmnucBaMe XHUIIOTETHYEH pPa3IIMPEeH HM3TOYHWK Ha JTUQYHAUPAIIHA
CyOCTaHIINM W M3CTeBaMe TEXHHS KOHIIEHTpAIMOHEeH pod i B cranmoHapHu ycinoBus. [Ipeanonara
ce, ye nu(y3MOHHUAT TPAHCIOPT Cce MOJYMHSABA HA 0000mIeHns 3akoH Ha Fick ot apobOen mopsaabk,
0a3upaH Ha PU3MYECKH PEATUCTHYHH MIPEITOIOKEHHS, U3OI3BAKH MOIX0/1a Ha IPOOHOTO CMATaHE.
[IpencraBeHoTo npoOHO pasmpereneHne ce cBexaa jo dOukoBa audysus B caydas OT HEIOYUCIICH
MOPSIABK HAa eKCIIOHEHTaTa. MoAeIbT AEMOHCTPUPA, Y€ MOXKE JIa CE MOJIyYr HaTpylBaHe Ha AUQy3HH
cyOcTaHIIMM M CBOMCTBaTa Ha OeJe3uTe (T.e. TOPTYO3HOCT, IpoOeH MopsAbK, nebennHa Ha Oesera) u
TpaHWYHWUTE YCIIOBHS MOTAT Jia TIOBJIMSSAT Ha TakoBa HaTpymnBaHe. HaOnromaBanara Qopma Ha
KOHIICHTpAIMOHHUS Mpoduia ChoTBeTCTBa KadectBeHo Ha GFAP npoduiurte, omnmcaHu B
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nmutepatypata. OCHOBHATa pa3liMKa IO OTHOIICHHE Ha TNPEAXOIHUTEC NPOYYBAHUS € H3PUIHOTO
BKJTIOUBAHE Ha arapara 3a (hpakIimoHHO cMsATaHe, 0e3 /1a ce Tomycka npuemManeTo Ha ad hoc mapameTsp
3a u3BHuBaHe. [1oX01bT MOXKE J1a ObJIC aIaNTUPaH KbM JPYTH U3CIICBAHHS HA TU(PY3Us B ONOIOTHYHH
ThKaHU, HATPUMEP OMOMOJICKYJIU HITU MAJIKA MOJICKYJTH JIEKapCTBa.

P2015B B D Prodanov, Konopczynski T, Trojnar M, Selected
Applications of Scale Spaces in Microscopic Image
Analysis, CIIT, |5 (7):5-12, 2015, 10.1515/cait-2015-0084, ISSN
1314-4081

Abstract

Image segmentation methods can be classified broadly into two classes: intensity-based and geometry-
based. Edge detection is the base of many geometry-based segmentation approaches. Scale space theory
represents a systematic treatment of the issues of spatially uncorrelated noise with its main application
being the detection of edges, using multiple resolution scales, which can be used for subsequent
segmentation, classification or encoding. The present paper will give an overview of some recent
applications of scale spaces into problems of microscopic image analysis. Particular overviews will be
given to Gaussian and alpha-scale spaces. Some applications in the analysis of biomedical images will
be presented. The implementation of filters will be demonstrated.

Pe3ome

MerToauTe 3a cerMeHTUPaHe Ha M300pakeHHsITa Morar J1a ObJaT Kiacu(puIupaHy UPOKO B /1Ba Kilaca:
OCHOBaHM Ha MHTEH3UTET U TeOMeTpUYHH. J[eTeKnsATa Ha MparoBe € B OCHOBAaTa Ha MHOT'O TIOJIXO/IX 32
CerMEHTUPAHE, OCHOBaHM Ha reoMeTpusTa. Teopusara Ha MalaOHOTO MPOCTPAHCTBO HMPEACTABIISIBA
CHUCTEMAaTUYHO TPETUPAaHE Ha BBIPOCHUTE 3a MPOCTPAHCTBEHO He-KopelaupaHus ['aycoB IIym, KaTo
OCHOBHOTO ¥ HPUJIOXKEHHE € JeTeKIUATa Ha MParoBe, KbJETO C€ M3IMOJI3BAT MHOXKECTBO Mariadu 3a
paznenurenHa cnocobHocT. Te OT cBos cTpaHa MoraT ga ObAaT H3MOJ3BAHM 3a IIOCIIEIBAIIO
cerMeHTupane, kiaacupukanus win kogupase. Hacrosimara cratust npasu 0030p Ha HAKOM CKOPOLITHH
MPUIOKEHHUS Ha MalaOHU POCTPAHCTBA B NPOOJIEMH Ha aHAIN3 HA MUKPOCKOIICKH M300paKeHHSTA.
Hanena e ocHoBHata Teopus Ha ["aycoBure u anda-mamaduurte npoctpancTsa. [IpencraBenu ca Hikou
NPWIOXKEHUS] B aHajIM3a HA OMOMEIUUMHCKUTE H300pakeHHs. J[eMOHCTpHpaHO € NMpHIaraHeTo Ha
(GuITpH, KOUTO TH U3ITBJIHABAT.

W20I13G | B Welkenhuysen M, I. Gligorijevic, L. Ameye, D. Prodanov, S. Van 5
Huffel & B. Nuttin, Neuronal activity in the bed nucleus of
the stria terminalis in a rat model for obsessive-
compulsive disorder. Behavioural Brain Research, 240:52-9
2013. ISSN : 0166-4328; doi: 10.1016/j.bbr.2012.11.019

Abstract

In search of a new potential target for deep brain stimulation in patients with obsessive-compulsive
disorder (OCD), we evaluated the single-cell activity of neurons in the bed nucleus of the stria terminalis
(BST) in urethane-anesthetized rats in an animal model for OCD, the schedule-induced polydipsia (SIP)
model, and compared this to the BST activity in control rats and to a third group of rats which were
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introduced in the model but did not develop the SIP, and thus were considered resistant. We compared
the firing rate and firing pattern of BST neurons between these groups, between hemispheres and made
a correlation of the firing rate and firing pattern to the position in the BST. The variability of BST
neurons in SIP rats was lower and the randomness higher than BST neurons in control rats or resistant
rats. The firing rate of BST neurons in SIP rats was significantly higher and the burst index lower than
BST neurons in resistant rats but not in control rats. Also, neurons from the right hemisphere in the SIP
group had a higher burst index than neurons from the left hemisphere. However, this is opposite in the
resistant and control group. Third, we found a higher bursting index with increasing (more ventral)
depth of recording. These findings suggest that schedule-induced polydipsia, which models compulsive
behavior in humans, induces a change in firing behavior of BST neurons.

Pe3iome

B ThPCCHC Ha HOBa IOTCHIMAJIHA MHUIICHA 3a I[’bJ'I6OKa MO3b4YHa CTUMYJAUWAg HOpU MNAUCHTH C
o0cecuBHO-KOMIYJICHBHO pa3cTpoiicTBo (OKP), Hue oneHMXMe aKTUBHOCTTA HA HEBPOHUTE B AIAPOTO
Ha JIernoTo Ha stria terminalis (BST) B aHecTe3upaHu ¢ ypeTaH ITbXOBE MPU EKCIIEPUMEHTAICH MOJIET
Ha OKP. UM36panusat moxen va OKP mpencraBmsiBa rpaduk-uanynnpanara nomuauncus (SIP). be
M3MepeHa aKTHBHOCTTA Ha SIPOTO B €KCHEPUMEHTAJeH KOHTEKCT M CpaBHEHa C aKTHBHOCTTA MpHU
KOHTPOJIHU IUTBXOBE M C TPeTa Ipyma IUIbXOBE, KOUTO ca BbBEJCHU B MOJena, HO He pa3Busat SIP, n
10 TO3U HAYUH CE€ CUUTAT 3a yCTOWYUBU. be cpaBHEHA HHTEH3UTETa HA aKTUBHOCTTA U puThbMa Ha BST
HEBPOHUTEC MCXKAY TE3U I'PYIIU, MCIKIY ABETC HOJ'IyK'BJ'I6a 1 HaIlIpaBUXMEC KOpEIaliusd Ha MHTCH3UTCTA HA
AaKTHUBHOCTTA U puThMa ¢ no3unusta B BST. Bapuabunnoctra Ha BST neBponute npu SIP mursxose 6e
MO-HUCKA, a CIy4allHOCTTa Mo-BUCOKa OT BST HeBpoHUTE NpH KOHTPOJHU IIbXOBE WM PE3UCTEHTHU
mrepXxoBe. MHTeH3uTeTa Ha akTuBHOCTTa Ha BST HeBponute npu SIP mirbpxoBe Oele 3HAYUTEIHO T10-
BHCOKA, & aKOPJIHUAT UHIAEKC MOo-HUCHK OoT BST HeBpoHMTE Npu pe3uCTEeHTHH ILTbXOBE, HO HE U MPU
KOHTPOJIHHU IUTbXOBe. CBhIIIO Taka, HEBPOHUTE OT ASCHOTO MONyKbiI00 B SIP rpynaTta nMaxa 1mo-BUCOK
aKOpAECH HHAEKC OT HEBPOHMUTE OT JISBOTO NONYyKBJIOO. ToBa obOade Oe NPOTHBOIOJIOXKHO B
pE3UCTEHTHATA U KOHTPOJIHATA Tpymu. Tpeto, 6¢ yCTaHOBEH MMO-BUCOK aKOPJIEH WHJIEKC C YBEINYaBaHe
Ha (I0-BeHTpajHa) IbJI00YMHA Ha 3anKca. Te3u pe3ynraTy npeamnoaraT, 4e HHAyLIHpaHaTa oT rpaduk
MOJIMIUIICHS, KOSITO MOJIETIpa KOMITYJICHBHO IOBEACHHUE IIPH X0Ppa, MHAYLUPA POMSHA B aKTHBHOCTTA
Ha BST neBponure.

M2013B B Micholt L, Gartner A, Prodanov D, Braeken D, Dotti CG, Bartic | 43
C. Substrate topography determines neuronal
polarization and growth in vitro. PLoS One. 2013
8(6):e66170. doi: 10.137/journal.pone.0066170, ISSN 1932-
6203

Abstract

The establishment of neuronal connectivity depends on the correct initial polarization of the young
neurons. In vivo, developing neurons sense a multitude of inputs and a great number of molecules are
described that affect their outgrowth. In vitro, many studies have shown the possibility to influence
neuronal morphology and growth by biophysical, i.e. topographic, signaling. In this work we have taken
this approach one step further and investigated the impact of substrate topography in the very early
differentiation stages of developing neurons, i.e. when the cell is still at the round stage and when the
first neurite is forming. For this purpose we fabricated micron sized pillar structures with highly
reproducible feature sizes, and analyzed neurons on the interface of flat and topographic surfaces. We
found that topographic signaling was able to attract the polarization markers of mouse embryonic
neurons -N-cadherin, Golgi-centrosome complex and the first bud were oriented towards topographic
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stimuli. Consecutively, the axon was also preferentially extending along the pillars. These events
seemed to occur regardless of pillar dimensions in the range we examined. However, we found
differences in neurite length that depended on pillar dimensions. This study is one of the first to describe
in detail the very early response of hippocampal neurons to topographic stimuli.

Pe3iome

VYcTaHOBSIBAHETO HAa CBBP3aHOCTTA MEXKIY HEBPOHHUTE 3aBHCH OT IPAaBMIIHATA HAdallHA TIOJIAPU3AINS
Ha MJIaIUTE HEBPOHHU. In Vivo, pa3BUBaNIUTE C€ HEBPOHM YCEUIaT MHO)KECTBO BXOJISIIH JAHHH U TOJISIM
Opoll MOJIEKYJM, KOWTO BIHMSAT BBPXY TEXHHUS pacTek. In vitro MHOTO H3cCleABaHUS IOKa3BaT
BB3MOXXHOCTTA Ja C€ TOBJHsI€ HAa HEBpOHATHaTa MOPQOIOTHUS W pacTex upe3 Omodu3myHa, T.e.
tonorpadcka, curHanm3anus. Ta3u cTaTHs MPHIBIKBA TO3H TOAXOJ C €IHA CThIIKAa mo-Hanpen. Hue
u3cieaBaxMe BIMSHUETO Ha cyOcTpaTHaTa Tornorpadusi B MHOTO paHHHTE €Tany Ha Ju(epeHInaHs
Ha pa3BUBALIUTE CE HEBPOHH, T.€. KOraToO KJIETKaTa € BCce OIlle B OBajlHA (a3a M Korato ce obopasyBa
IBPBHAT HEBPHUT. 3a LeNITa N3pa00THXME MHKPO-KOJIOHKOBH CTPYKTYPH C BUCOKA BB3IMPOU3BOIIMOCT
Ha pa3MepUTe U aHaJIM3UpaxMe HEBPOHHUTE Ha MHTepdelica Ha MIOCKH M TONOrpadCcKu MOBBPXHOCTH.
Be ycranoBeHo, 4e Tonorpadckara CUTHAIM3AIMS € B CbCTOSHUE J1a MPUBJICUYE TONAPU3ANNOHHUTE
MapKepyd Ha MHUIIM eMOpruoHamHH HeBpoHHM -N-KaaxepwH, KOMIUIEKC Ha [ OlpKU-LIIEHTpo3oMa U
mbpBaTa WBIKAa Ca OPUCHTHPAHW KbM TOHOTPAaQCKH CTUMYTH. AKCOHHTE CBIIO pacTar
npedepeHaIHo M0 MPOTSKECHHE Ha MHUKPO-KOJOHKHTE. M3riexna, ye Te3n ChOUTHS ce CIydBar
HE3aBHCHMO OT pa3MepuTe Ha cThiI0a B 00XBaTa, KOWTO m3cienBaxme. Hue obave oTkpuxme pa3iuku
B IbJDKMHATA Ha HEBPUTA, KOUTO 3aBHCEXa OT pa3MEpUTE Ha MUKPO-KOJIOHKaTa. ToBa mpoy4BaHe € €1HO
OT MBPBHUTE, KOWTO OIKCBAT IMOAPOOHO HAYAIHUS OTTOBOP Ha XHWIOKAMITYCHHTE HEBPOHH KbM
Tornorpad)cku CTUMYJIH.

ML20I12G | B Mora Lopez C, D Prodanov, D Braeken, | Gligorijevic, W Eberle, | 45
C Bartic, R Puers & G Gielen. A Multichannel Integrated
Circuit for Electrical Recording of Neural Activity, With
Independent Channel Programmability, IEEE Transactions
on Biomedical Circuits and Systems, 6(2). 101-110, 2012; ISSN:
doi: 10.1109/TBCAS.2011.2181842.

Abstract

Since a few decades, micro-fabricated neural probes are being used, together with microelectronic
interfaces, to get more insight in the activity of neuronal networks. The need for higher temporal and
spatial recording resolutions imposes new challenges on the design of integrated neural interfaces with
respect to power consumption, data handling and versatility. In this paper, we present an integrated
acquisition system for in vitro and in vivo recording of neural activity. The ASIC consists of 16 low-
noise, fully-differential input channels with independent programmability of its amplification (from 100
to 6000 V/V) and filtering (1-6000 Hz range) capabilities. Each channel is AC-coupled and implements
a fourth-order band-pass filter in order to steeply attenuate out-of-band noise and DC input offsets. The
system achieves an input-referred noise density of 37 nV/YHz, a NEF of 5.1, a CMRR > 60 dB, a THD
< 1% and a sampling rate of 30 kS/s per channel, while consuming a maximum of 70 pA per channel
from a single 3.3 V. The ASIC was implemented in a 0.35 um CMOS technology and has a total area
of 5.6 x 4.5 mm 2. The recording system was successfully validated in in vitro and in vivo experiments,
achieving simultaneous multichannel recordings of cell activity with satisfactory signal-to-noise ratios.
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Pe3iome

OT HSKOJIKO NECETHIETHS CE€ U3I0I3BaT MUKPO(PAOpUKyBaHU HEBPOHHH €IEKTPOAU-COHMH, 3a€IHO C
MHUKpPOEJIEKTPOHHU HHTepdelicu, 3a a Mmolyyd mo-godpa mpeacraBa 3a JEHHOCTTAa HAa HEBPOHHUTE
Bepuru. Heo6XomuMocTTa OT 1M0-BUCOKM BpeMeBa W MPOCTPAHCTBEHA pa3/eiMTeNIHa CIIOCOOHOCT 3a
3aIluC Hajlara HOBU IIPEJU3BHKATEICTBA NIPE AW3aliHa Ha MHTETPUPAHUTE HEBPOHHU MHTep(eiicu 1o
OTHOLICHNE HA KOHCyMalMsATa Ha €Heprus, oopaboTkaTa Ha JaHHU, KAKTO U HAa TEXHUTE MEXaHUYHU
xapakTepucTuku. Ta3u cratus npeacrass uarerpupana cuctema (ASIC) 3a 3anucBaHe Ha HEBPOHATHA
aKTHBHOCT in Vitro u in vivo . UaTerpannara cxema Ha ASIC ce cberon oT 16 HamrbiHO AudepeHIupanu
BXOJTHU KaHaJla C HUCHK IITyM M He3aBHCHMa porpamMupyeMoct Ha ycuisare (o1 100 mo 6000 V / V) u
¢untpupane (o6xBat ot 1-6000 Hz). Bceku xanan peanuzupa npoOMEHINBOTOKOB YECTOTEH (GUITHP OT
4eTBBpTH pell. CucTeMara MmocTUra BXo/IsI1a HacO4UeHa IUTbTHOCT Ha IyMa oT 37 NV/ VHz, NEF ot 5,1,
CMRR> 60 dB, THD <1% wu 4ecroTa Ha B3emaHe Ha npobu ot 30 kS / s Ha kaHaN, KaTo B CHIIOTO
BpeMme ce KoHcyMupa makcumyM 70 PA Ha karan ot equH U cbin 3.3 V. ASIC e peammsupan mo 0,35
pum CMOS TexHonmorus ¥ uMa obma miony ot 5,6 X 4,5 mm 2. Cucremara 3a 3amuc 0€ yCIEIIHO
BaJMIMpaHa B €KCIIEPUMEHTH in Vvitro u in vivo, IeMOHCTpHpalKyd €THOBPEMEHHH MHOTOKAHAITHH
3aIlMCH Ha aKTUBHOCTTA HA KJIETKUTE MPH 33JJ0BOJUTEIHN ChOTHOLICHUS CUT'HAN / LIy M.

P2011B B Prodanov D. Data ontology and an information system 3
realization for web-based management of image
measurements. Frontiers in Neuroinformatics. 5:25, 201 I,
ISSN 1662-5196, doi: 10.3389/fninf.2011.00025

Abstract

Image acquisition, processing, and quantification of objects (morphometry) require the integration of
data inputs and outputs originating from heterogeneous sources. Management of the data exchange
along this workflow in a systematic manner poses several challenges, notably the description of the
heterogeneous meta-data and the interoperability between the software used. The use of integrated
software solutions for morphometry and management of imaging data in combination with ontologies
can reduce meta-data loss and greatly facilitate subsequent data analysis. This paper presents an
integrated information system, called LablS. The system has the objectives to automate (i) the process
of storage, annotation, and querying of image measurements and (ii) to provide means for data sharing
with third party applications consuming measurement data using open standard communication
protocols. LablS implements 3-tier architecture with a relational database back-end and an application
logic middle tier realizing web-based user interface for reporting and annotation and a web-service
communication layer. The image processing and morphometry functionality is backed by
interoperability with ImageJ, a public domain image processing software, via integrated clients.
Instrumental for the latter feat was the construction of a data ontology representing the common
measurement data model. LablS supports user profiling and can store arbitrary types of measurements,
regions of interest, calibrations, and ImageJ settings. Interpretation of the stored measurements is
facilitated by atlas mapping and ontology-based markup. The system can be used as an experimental
workflow management tool allowing for description and reporting of the performed experiments. LablS
can be also used as a measurements repository that can be transparently accessed by computational
environments, such as MATLAB. Finally, the system can be used as a data sharing tool.
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Pe3iome

CHeMmaHeTO Ha HM300paKCHHs, KaKTO W 00pabdoTKaTa M KOJHMYECTBEHOTO OIpEAeisTHe Ha OOCKTHUTE
(MopdomeTpusi) M3UCKBAT HHTETPHPAHE HA BXOIHH M U3XOIHU JAHHH, TPOM3XO0XKIAIIH OT Pa3HOPOIHH
n3royHuy. CUCTEeMaTHYHOTO yHpaBieHHe Ha OOMEHa Ha JAaHHM 1O TO3HM MOTOK MOCTaBsl HIKOJKO
MIPEeIN3BUKATEINICTBA, IO-CIEIHaTHO OIMMCBAHETO Ha PA3HOPOJHWTE MeTa-IaHHU W OIepaTHBHATA
CHBMECTHMOCT MEXXy H3MOI3BaHuUs copTyep. M3non3BaneTo Ha HHTETpUpaHA cOMTYEPHH PEUICHHS 32
MoOpGOMETpHS U yIpaBlieHHE Ha JaHHHU OT U300paKeHUSI B KOMOMHALIUS C OHTOJIOTHH MOXKE J1a HaMaJIHi
3ary0ara Ha MeTaJaHHU M0 MOTOKA U 3HAUYMTENTHO Ja YJIECHH MOCTeABAILMS aHaIu3 Ha JaHHuTe. Ta3u
CTaTHUs TIPEACTaBs ¢aHa HHTETpuUpana nHGpopMaIrmoHHa cuctemMa, HapedeHa LablS. Cucremara mma 3a
mesn Ja aBromartu3upa (i) mpoleca Ha ChbXpaHEHHE, aHOTalWs W 3alUTBAaHE HA W3MEpPBaHUs Ha
n3o0paxxenus: (Mopdpomerpusi) u (ii) Aa OCUTYpH CPEICTBaA 3a CHOJCISIHE HAa JAHHH C MPUIIOKCHUS Ha
TPETH CTpPaHW, KOHCYMHpAIld W3MEPBATEIHH JaHHW, W3MOM3BalKM OTBOPEHH CTaHAApPTHU
KOMYHHKAIIMOHHH MPpoToKoiu. LablS BHenpsBa TpucTeneHHa apXUTEKTypa C pelanroHHa 0a3za JaHHU
Y CPEJTHO HUBO Ha JIOTHMKA Ha MPWIOKEHHUE, pealin3upaiia yeo-0a3upaH nmoTpeOUTeICKU HHTepQeiic 3a
aHOTAIUS U CIIPaBKU M KOMYHHKAIIMOHEH CIIOi Ha ye0 ycimyru. OyHKimoHaHOCTTa 32 00paboTKa Ha
n300pakeHus U MopdomMeTpus e 0asupaHa Ha OllepaTHBHA ChBMecCTUMOCT ¢ Imagel, mporpama 3a
o0paboTka Ha wu300pakeHWs B myOnMuYHata cdepa, MTOCPEACTBOM WHTETPUPAHH KIHUCHTHH
NpwioKeHus. B ocHOBata Ha TOCTHTHATOTO Oclle BHBEXKIAHETO HAa OHTOJIOTHS Ha JAaHHHTE,
MpeCcTaBsIIa OOmus MOJeNl Ha M3MepBaTedHu aaHHu. LablS mommppxka pasnuyam moTpeOuTeNncKu
MPO(UITN ¥ MOXe J1a ChXpaHsIBa IPOU3BOJIHU BUJI0BE M3MEpPBaHMUs, 00JaCcTH HAa HHTEpPEC, KaaruOpamus
Ha n300pakeHWeTo W HacTpoiku Ha Imagel. UHTepnperanusara Ha CbXpaHEHHTE WU3MEpPBAHHS Ce
yJecHsBa upe3 KaprorpadupaHe Ha aTiiaca U MapkupaHe Ha 0a3aTta Ha oHTONOTHA. CHcTeMaTa MOXe
Jla ce W3I0NI3Ba KaTO WHCTPYMEHT 3a YIpaBJIeHHWE Ha EKCIEPUMEHTANHHUS IPOIEC, MO3BOJISBAII
aHOTHpaHe U CIIPAaBKHU 33 U3BBPILICHNUTE eKcriepuMeHTH. LablS Moske 1a ce M3moa3Ba 1 KaTo XpaHWIHIIEe
3a U3MEpBaHUsl, KOETO MOXe J1a O'bjie U3MOI3BAHO OT Pa3IMYHN U3UHCIUTEIHN CPEIU, KaTO HApUMeEp
MATLAB. U Hakpas, cucTeMaTa MOKE Ja C€ U3M0J3Ba KaTO MHCTPYMEHT 3a CIIOJCIISIHE Ha JaHHU.

P2008B B Prodanov D & HKP Feirabend, Automated characterization | 9
of nerve fibers labelled fluorescently: determination of

size, class and spatial distribution. Brain Research, 1233: 35-
50. 2008, ISSN: 0006-8993 doi: 10.1016/j.brainres.2008.07.049

Abstract

Morphological classification of nerve fibers could help interpret the assessment of neural regeneration
and the understanding of selectivity of nerve stimulation. Specific populations of myelinated nerve
fibers can be investigated by retrograde tracing from a muscle followed by microscopic measurements
of the labeled fibers at different anatomical levels. Gastrocnemius muscles of adult rats were injected
with the retrograde tracer Fluoro-Gold. After a survival period of 3 days, cross-sections of spinal cords,
ventral roots, sciatic, and tibial nerves were collected and imaged on a fluorescence microscope. Nerve
fibers were classified using a variation-based criterion acting on the distribution of their equivalent
diameters. The same criterion was used to classify the labeled axons using the size of the fluorescent
marker. Measurements of the axons were paired to those of the entire fibers (axons + myelin sheaths)
in order to establish the correspondence between so-established axonal and fiber classifications. it was
found that nerve fibers in L6 ventral roots could be classified into four populations comprising two
classes of A-alpha (denoted A alpha(1) and A alpha(2)), A gamma, and an additional class of A gamma
alpha fibers. Cut-off borders between A gamma and A gamma alpha fiber classes were estimated to be
5.00 +/- 0.09 mu m (SEM); between A gamma alpha and A alpha(1) fiber classes to be 6.86 +/- 0.11
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mu m (SEM); and between A alpha(1) and A alpha(2) fiber classes to be 8.66 +/- 0.16 mu m (SEM).
Topographical maps of the nerve fibers that innervate the gastrocnemius muscles were constructed per
fiber class for the spinal root L6. The major advantage of the presented approach consists of the
combined indirect classification of nerve fiber types and the construction of topographical maps of so-
identified fiber classes.

Pe3iome

Mopdonornynarta knacudukanus Ha HEPBHUTE BJIaKHA MOXE JIa CIIOMOTHE 32 OIlcHKa Ha HepBHATa
pereHepainyss ¥ YCTaHOBSIBAHETO HAa MEXaHWU3MUTE HA CEICKTUBHOCTTA HA HEPBHATA CTUMYJAIUS.
CrierupuyHM MOMyNAMM HA MHUCIHHM3MPAHW HEPBHU BJIaKHA MOTaT jJa OBJAT W3CIIEABAHU Upe3
PETPOrpajHO TpacUpaHHE OT MYCKYJI, MTOCICBAHO OT MHUKPOCKOIICKH M3MEPBaHUs HAa MapKHpaHETHE
BJIaKHA HA Pa3IMYHU aHATOMUYHH HHBAa. MyCKyJIuTe Ha mojdepuIiata Ha Bb3pacTHU wrbxoBe (Mm
Gastrocnemii) Osixa MHXKEKTUpaHH ¢ perporpanHus mapkep-tpacep Fluoro-Gold. Cnen mepuon Ha
NPEKUBSIEMOCT OT 3 JIHU, HATIPEYHH CEUCHHUS Ha IPhOHAYHUTE MO3BIIM, BEHTPAIHH KOPEHH, CEIATHIIIHA
Y THOWAITHY HEPBH 0s1Xa MpenaprpaHu U CHUMaHHU Ha (IIyopeclieHTeH MUKpockorn. HepBHUTe BlakHa
0sixa Knacu(UIMPaHU ¢ TIOMOIITA HA BApHAIUOHEH KPUTEPHUI CIPAMO pasnpeeiCHUETO Ha TEXHUTE
CKBHBAJICHTHU quaMeTpu. ChIIUAT KpuTepuid Oellie W3MoN3BaH 3a Kiacu(uIpaHe Ha MapKUPAHHUTE
aKCOHU CIPSAMO paszMepa Ha (GryopeclieHTHHS Mapkep. M3MepBaHuATa HA aKCOHHUTE OsIXa CPABHEHU C
TE3W Ha IEJTUTE BIIaKHA (aKCOHU + MHEIMHOBH OOBHBKH), 32 JIa CE YCTAHOBH CHOTBETCTBHETO MEXKITY
Taka yCTAaHOBEHHUTE KiacH(HUKALMK HA aKCOHHMTE U LIENIUTE BIIAKHA. bele ycTaHOBEHO, 4e HEpPBHUTE
BJIaKHA B JIyMOQJIHMTE BEHTpaTHU KOpeHu L6 mMorar aa ObaaT kiacupuIUpaHd B YETHPH MOIMYJIAIHH,
CBCTOSIIH ce OT JBa kiaca A-anda (ob6oznauenn A-anda (1) u A-anda (2)), A-rama U JOIIBIHATENCH
kiac A-rama-anda BrakHa. [ paHUIMTEe MKy KITacOBETE OT raMa-BilakHa U A-gama 0sixa OI[CHeHHU Ha
5.00 +/- 0,09 um (SEM); mexay kimacoBete oT rama anda u anda (1) Bmakua xHa 6,86 +/- 0,11 um
(SEM); 1 mexny kimacose Biakaa ot aida (1) u anda (2) Ha 8,66 +/- 0,16 pm (SEM). Tomorpadcku
KapTH Ha HEPBHUTE BJIAKHA, KOUTO HHEPBUPAT raCTPOKHEMHYCOBUTE MYCKYITH, 0s1Xa KOHCTPYHUPAHH 32
pa3IMYHKUTE KJIAcOBE BJIAaKHA TPBIBAllM OT IpbOHauHUs KopeH L6. OCHOBHOTO MpEIMMCTBO Ha
MPeCTaBEeHHsI TIOJXO0J] C€ ChCTOM B KOMOWHHMpaHATa KOCBEHA KIIaCH(PHKAIUS HA TUIOBETE HEPBHU
BJIAKHA W M3TPaXIaHETO Ha TOMOrpad)CKU KapTH Ha Taka UICHTH(OUIMPAHUTE KIIACOBE BIIAKHA.

P1998G B Prodanov D, G Mantcheyv, A lliev., V Traykov, R Kaneva, K 12
Yakimova, & | Krushkov, Effects of dexamethasone in rat
neonatal model of axotomy-induced motoneuronal cell
death. Arch Physiol Biochem, 106(5), 355-361, 1998,

ISSN: 1381-3455, doi : 10.1076/apab.106.5.355.4361

Abstract

In this study the effect of dexamethasone on the motoneuronal cell death and the nuclear and somatic
morphology changes occurring after peripheral nerve transection in the neonatal rats has been
determined. The study was performed on 3 day old Wistar rats. Animals were divided into 3 groups —
control, axotomised, and axotomised and dexamethasone-treated. The nerve transection was performed
bilaterally. A dose of 0.5 mg/kg/24h dexamethasone, administered i.p., was used. On day 7 after the
operation the animals were sacrificed and the motoneurons in segments L4 and L5 in the spinal cord
were counted and their morphology was analysed. 25.88% cell loss was found in the axotomised group
(p < 0.001 vs. control) versus 43.33% cell loss in the dexamethasone-treated and axotomised animals
(p <0.01 vs. control). Dexamethasone significantly decreased the number of the surviving motoneurons
(p < 0.05 vs. axotomised). The axotomised group showed enlargement of the somatic area and the
maximal and minimal diameters of the cell while the dexamethasone-treated and axotomised group
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showed soma shrinkage and decrease in the minimal cell diameter. Our results propose a possible hazard
towards the application of dexamethasone in the treatment of new-borns with concomitant nerve
injuries.

Pe3iome

B ToBa mpoyuBane Oc ompeneneH eQeKThT Ha JEKCAMETa30H BBbPXY MOTOHEBpOHAIIHATA KJIEThUHA
CMBPT U IPOMEHHUTE B SAPEHATA U COMAaTHUYHATa MOP(OIIOTHS, HACTHIIBAIIH ClIe ] TepHU(PEPHOTO HEPBHO
YBpeXJIaHe TPU HOBOPOJICHU ILTHhXOBE. M3cnenBaHeTo Oe MpOBEACHO BHPXY 3-ITHEBHH HOBOPOICHU
mwrexoBe Wistar. JKuBoTHHMTe Ofixa pasfeneHH B 3 TPYymd - KOHTPOJHH, AKCOTOMHUpPAaHH H
AKCOTOMHUPaHU-TPETHUPAHH C JIeKcaMeTa3oH. TpaHCCeKIMsATa Ha HepBa Oe¢ HM3BBpILICHA JBYCTPAHHO.
Wznon3eana 6e mo3a ot 0,5 mg / kg / 24h nexcameTa3oH, npuiioxkeH i.p. Ha 7-us jeH ciie onepanusata
JKUBOTHUTE O5iXa YMBPTBEHH M MOTOHEBpPOHUTE B cerMeHTH L4 m L5 Ha rppOHadHMS MO3BK Osixa
npeOpoeHu u O¢ aHalu3uWpaHa TsxHaTa Mopdoiiorus. YcraHoBeHa Oe 25,88% 3aryba Ha KJICTKH B
akcoromupanata rpyna (p <0,001 crpsimo xoHTpoda) cpenry 43,33% 3ary0a Ha KJISTKY MPU )KUBOTHH,
TpeTHpaHH C JeKcameTa3oH u akcotomupanun (p<0,01 cmpsimo koHTpona). Jlekcamera3oHBT
3HAYUTENTHO Hamanu Opos Ha onenenure MoToHeBpoHH (p<0,05 copsaMo akcOTOMHpaHH).
AKCOTOMI/IpaHaTa I'pyna 1mokasa yrojJeMsBaHC Ha cOMaTa U MaKCUMAJIHHUA U MUHUMAJICH JUaMETHP Ha
KIIETKATa, JIOKaTO TPETHPAHATA C JIEKCAMETa30H U aKCOTOMHPAHa TpyIia MoKa3a CBUBaHE Ha COMAaTa U
HaMallsiBaHe Ha MUHHMAJTHUS UAMEThp Ha KJeTkara. Hammre pe3ynrtatu mpejiarat Bb3MOXKEH PHCK
IpHU MPUIOKEHUETO Ha JEKCaMeTa30H MpHU JIeYeHHWE Ha HOBOPOAEHU ChC CHITBTCTBAIIM HEPBHU
HapaHsBaHU.

Joxaaau B COOpHULIA

A2019B C K. Alexiev, T. Toshkov and D. Prodanov, Self-similar
decomposition of digital signals, 2019 IEEE International
Symposium on INnovations in Intelligent SysTems and
Applications (INISTA), Sofia, Bulgaria, 2019, pp. |1-6, doi:
10.1109/INISTA.2019.8778230.

Abstract

The behaviour of a physical quantity in time is described by signals. Traditionally, signals are analysed
in the time domain either as time - amplitude relationship or in the frequency domain as frequency -
signal power dependency. Both traditional representations have substantial limitations. New algorithms
for signal representation and processing are required in order to give some additional useful information
about observed processes. The present paper proposes a self-similar decomposition of digital signals,
which gives rise to a multiscale description, preserving all features of the signals. The proposed
description does not depend on predefined basis functions like sine waves, basic wavelets, etc. Instead,
the newly proposed approach looks for self-similar associations of signal segments. The proposed signal
description can be considered as an attempt to combine signal representation in time domain with signal
representation in frequency domain.

Pe3iome

IloBenenuero Ha €IHa (I)I/I3I/I'{Ha BCJIMYMHA BBHB BPEMCTO CC OIIMCBA YpE3 CUIHAIU. Tpa,Z[I/ILII/IOHHO,
CUT'HAJIUTEC CC aHAJIU3UPpaT BbB BpEMEBaATa 00J1acT MJIN KaTO 3aBUCHMOCT AMIINIUTYIHA-BpEME UJIN BbB
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YeCTOTHATa 00J1aCT KaTo 3aBUCUMOCT YECTOTa — CHJIa Ha curHaiia. M nBeTe TpaIuIioHHY PECTaBSIHUS
HMMAaT ChIIECTBEHU orpaHuucHus. HeoOXoauMu ca HOBM aJrOpUTMH 3a IPEACTaBsIHE U 00paboTKa Ha
CUTHAJM, 3a Ja Cce Jaje JONbJIHUTEIHA I0JIe3Ha HH(poOpMaIMsd 3a HaOJIOAaBaHHWTE IIPOLIECH.
Hacrosimata cratus mpemyiara camomnojo0HO pasjlaraHe Ha IU(PPOBU CUTHAIHM, KOCTO IOpax/a
MHOTOMAIa0HO OINKCAaHWE, 3ala3Bailki BCHUYKH XapaKTEPUCTHKW Ha CcUrHanute. llpemiaraHoro
OINMCAHUE HE 3aBUCH OT MPEIBApUTENHO 3ajajeHu OazucHU (QYHKIIMKM KAaTO CHHYCOWIH, OCHOBHU
BBJIHMYKA U T.H. BMECTO TOBa, HOBOIPEUIOKCHUAT MOAXON THPCH CaMOIOJO00HU acolMalliu Ha
CUTHaJHH cerMeHTH. [IpemmaraHoTo onmucaHWe Ha CUTHAajda MOXE Jia Ce pas3riekla Karo OMUT 3a
KOMOHMHHMpaHe Ha IpeJCTaBsIHE Ha CHTHAJI BbB BpeMeBa 00JIaCT C IIPEACTaBsIHE Ha CHTHAJI B Y€CTOTHA
obuacrT.

M2010G C Musa S, D Prodanov, ] Loo, W Eberle, C Bartic, B Nuttin & G 3
Borghs. Using reciprocal derivative chronopotentiometry
as a technique to determine safe charge injection limits

of electrodes used for neural stimulation. Conf Proc IEEE
Eng Med Biol Soc, 2010, 2943-2946

Abstract

We used reciprocal derivative chronopotentiometry (RDC) with platinum electrodes of 50 um diameter
in 0.15 M phosphate buffered saline solution to identify the various electrochemical processes occurring
at the electrode during biphasic current pulsing. RDC allowed to determine the limits of water
hydrolysis based on the specific (dt/dE)-E data representation employed in this technique resulting in
curves similar to the voltammetric i-E response. Current stimulation was performed by either varying
the pulse amplitude or pulse width. We found that the limits for H 2 and O 2 evolution for constant-
amplitude pulses lied at 0.51 mC/cm 2 and 0.67 mC/cm 2, respectively, while for constant-width pulses
they occurred at slightly lower values of 0.49 mC/cm 2 and 0.61 mC/cm 2 , respectively. We could also
extract values for the anodic and cathodic overvoltages associated with gas evolution. The cathodic
overvoltage for H 2 evolution was 1.43 V for both constant-amplitude and constant-width pulses, while
the anodic overpotentials for O 2 evolution were 2.45 V in the first and 2.24 V in the latter case. These
values are clearly larger than the gas evolution limits generally found with steady-state voltammetry.

Pe3iome

Nznomn3Bana Oe perunpodHa npousBoaHa xpononoreHmuomeTrpus (RDC) ¢ niatuHeHH eneKkTpoau ¢
mraMeTsp 50 um B coneH pa3tBop ¢ 6ydep 0,15 M docdar, 3a 1a Ob1e HACHTUDUIUPAHU PATUIHATE
EJIEKTPOXUMHUYHH TPOIIECH, TPOTHYAIIH B €IEKTPOa 110 BpeMe Ha By(ha3eH MMITYJIC Ha TIPOMEHIITUB
enextpudeH Tok. RDC mo3Boiu 1a ce onpenemnsT rpaHuIiuTe Ha XUIpon3aTa Ha BOJaTa Bb3 OCHOBA Ha
cnenuduanoro (dt/dE) -E mpencrapsiHe Ha naHHWTE, WU3MOJ3BAHU B Ta3W TEXHUKA, KOETO BOJIHU JIO
KpUBH, T0JI0OHU Ha BoTaMeTpuyHUs i-E oTtroBop. Tekyimara cTuMysamnus ce U3BbpIIBa 4Ype3 IpoMsIHa
Ha aMIUTUTY/aTa Ha MyJica WK NIHPUHATA Ha UMITyJica. be yCTaHOBEHO, Ye TPAHHIIUTE 32 €BOJIIONNS Ha
Hz u Oz 3a uMIysIcH ¢ MOCTOSIHHA aMILIUTY A Jiexar chotBeTHo npu 0,51 mC/em? u 0,67 mC/cm?,
JIOKATO 33 UMITYJICUTE C TIOCTOSIHHA LIMPHUHA T€ CE MOSIBSIBAT MPU MAJIKO MO-HUCKU cToiHOocTH OoT 0,49
mC/cm? u 0,61 mC/cm?, cbOTBETHO. YCTAaHOBEHM 0siXa M CTOMHOCTHTE 3a aHOJHOTO M KATOIHOTO
MIPEHAINPEIKEHUS, CBBP3aHHU C OTIICIISIHETO Ha ra3. KaromHoTo npeHamnpexeHue 3a eBojioinsa Ha Hy Oerre
1,43 V, KaKTO 32 UMITYJICH C TIOCTOSIHHA aMIUIATY/1a, Taka U 3a TAKWBa C MTOCTOSIHHA IIUPHHA, JOKATO
AQHOJTHUTE CBPBHXIIOTSHIIHAH 32 eBotonuaTa Ha O 0s1xa 2,45 V B mbpBus u 2,24 V BB BTOPUS CIIyYail.
Te3u cTolfHOCTH OYEBHAHO Ca MO-TOJEMHU OT TPAHUIIMTE HA OTJEJISHE Ha ra3, KOUTO OOMKHOBEHO CE
HaMHpPAaT IPH CTAIMOHAPHA BOJITAMETPHSI.

11
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M2009G | C Musa, S., Welkenhuysen, M., Prodanov, D., Eberle, W., Bartic, 14
C., Nuttin, B, Borghs, G. In vitro and in vivo
electrochemical characterization of a microfabricated
neural probe, (2009) Proceedings of the 3 1st Annual
International Conference of the IEEE Engineering in Medicine
and Biology Society: Engineering the Future of Biomedicine,

EMBC 2009, art. no. 5335362, pp. 7143-7146.

Abstract

The electrochemical behavior of neural implants with 50 mum-diameter platinum electrodes was tested
during acute implantations in the motor cortex of anesthetized rats. Custom Ag|AgCI reference
electrodes were prepared that could be co-implanted with the probes. The results obtained in vivo are
compared with in vitro measurements performed in buffered saline solution (PBS) with and without the
addition of bovine serum albumin (BSA). The presence of BSA clearly altered the performance of the
electrodes which was studied by means of cyclic voltammetry (CV), electrochemical impedance
spectroscopy (EIS), voltage transient measurements (VT) and monitoring of the open circuit potential
(OCP). We found that hydrogen gas evolved at 1.22 A/lcm”2 in BSA-free PBS whereas in BSA-
containing PBS it occurred already at 0.51 A/cm”2.

Pe3ome

EnexTpoxuMuuecKoTo MoBeieHHE HA HEBPOHHNUTE UMIUIAHTH NPUTEKABALIN IJIATUHEHU EIEKTPOAH C
50 um auamersp Oelie TeCTBAHO MO BpeMe HAa MMIUIAHTAIMM B MOTOpPHATa KOpa Ha aHECTe3HMpaHu
IUTBXOBE B TEPMHUHAJIEH eKCIepUMEHT. bsxa npurorsenu pedepentau enexrpoau Ag | AgCl, xouro
0sixa MIMIUIAHTHPaHU ChBMECTHO ChC COHAMTE. Pesynrarute, moiaydeHu in vivo, Os1xa cpaBHEHH C in
vitro u3MepBaHus, npopeneHu B Oydepupan ¢usnonornden pasrsop (PBS) che u 0e3 modapsHe Ha
roBexau cepymer andymud (BSA). Hanmumero na BSA sicHo mpomeHu paboTata Ha eJIeKTPOJIHTE,
W3CIeBaHM C IOMoLITa Ha wuKiInyHa BodTtamerpus (CV), eneKTpoXMMUYHA HMIIEIaHCHA
cnektpockonus (EIS), mpexoanu usmepBanus Ha HanpexeHueTo (V1) 1 MOHUTOPHHT Ha OTEHITHAla
na orBopena Bepura (OCP). YcranoBuxme, 4e BOJOPOIHUAT ra3 esomounpa npu 1,22A / cm? B PBS 6e3
BSA, nokaro B BSA-ceabpikamy PBS toii ce nposisasa Beue mipu 0,51 A /em?.

P2009G E Prodanov D., M. Welkenhuysen, S. Musa, W. Eberle, T. 2
Dresselaers, U. Himmelreich, C. Bartic, G. Borghs, B. Nuttin.
Functional evaluation of a micro-fabricated planar
multielectrode probe for in vivo neuronal recording. In:
Dossel O., Schlegel W.C. (eds), “World Congress on Medical
Physics and Biomedical Engineering, September 7 - 12, 20009,
Munich, Germany. IFMBE Proceedings, vol 25/9”. Springer,
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Abstract

Existing commercial Deep Brain Stimulation (DBS) systems are restricted by their limited electrical
stimulation selectivity and open-loop approach. As a step towards a closed-loop clinical DBS system
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PE3IOMETA
HA HAYYHHUTE NYOJHKALUM 32 yYACTHE B KOHKYypca
Ha {lumursp [lerkos Ilpoaanos

we develop silicon-based multielectrode neural probe arrays for in vivo selective neuronal recording
and stimulation. This paper reports the fabrication and subsequent evaluation of a planar neural probe
containing an array of 8 Pt contacts with diameters of 50um. The probe was designed to provide
Magnetic Resonance Imaging (MRI) compatibility. The recording selectivity of the probes was tested
in acute electrophysiological experiments in the motor cortex of anesthetized rats (n=9). Obtained
recordings of action potentials of single neurons demonstrated an acceptable level of interference with
the brain function. The in vivo MRI compatibility of the probes was validated in a chronic implantation
study in rats (n=3; 3 weeks follow-up). The animals did not show signs of pain or distress or other types
of abnormal behavior. Obtained results demonstrate the usability of the neural probe both as a prototype
of a medical device and as a research tool in fundamental neurophysiological studies.

Pe3iome

ChpInecTByBaIIuTe KOMEPCHAIHU CUCTEMU 32 AbJ100Ka Mo3buHa cTumyianus (DBS) ca orpannvenu ot
TSXHATa HEJAOCTAThUHA EJIEKTPUYECKa CEJIEKTUBHOCT M JIMIIca Ha oOpaTHa Bpb3Ka. Karo cThmka KbM
knuHrYHaTa DBS cucrema cbc 3aTBOpeH IMKBI HHE pa3paboTBaMe MHOTOENEKTPOJHH HEBPOHHU
MacHBH Ha 0a3aTa Ha CHJIMLKH 3a in Vivo CEJIEKTUBEH 3alliC Ha HEBPOHU U cTuMynanus. Hactosimara
nyOnuKamusl OTYMTA MPOM3BEXKAAHETO M IOCJe[BallaTa OIEHKA Ha IUIAHOBA HEBPOHHA COHJA,
chabpkama Omok ot 8 Pt xonraktn ¢ muamersp 50 pm. CoHpara € mpoeKTHpaHa Ja OCUTYpPHU
CHBMECTHMOCT C SIIPEH MarHuTeH pe3oHaHCc Tomorpadus (SIMP). CenexTwWBHOCTTa Ha 3amuc Ha
coHAMTE 0s1Xa TECTBaHU B TEPMUHAIHU €JIEKTPO(PHU3HOIOTUYIHU EKCIIEPUMEHTH B MOTOpHATa KOpa Ha
aHecTe3upanu mwibxoBe (n = 9). IomydyeHure 3amucu Ha MOTCHIMAIM 32 JIEUCTBHE HA EAUHUYHU
HEBPOHU JIEMOHCTpHpAT NPUEMIINBO HHBO Ha Hameca B Mo3buyHata QyHkousa. In vivo SMP
CHBMECTHMOCTTA Ha COHIUTE O€ BaJHIUpaHa B XPOHHYHO U3CJICABAHE 32 UMILTAHTAIMS TIPH TTHXOBE
(n = 3; mpocnensBane Ha 3 cenMuIn). JKUBOTHUTE HE IPOSABHXA MPU3HAIM Ha OOJIKA WM JUCTPEC HIIH
JpyTd BUAOBE HEHOPMaJIHO MoBeaeHue. [lomyuennTe pe3yntaTi 1€MOHCTPHpAT H3II0JI3BAEMOCTTa Ha
HEBPOHHATA COHJAA KaKTO KAaTO MPOTOTUN Ha MEAWIMHCKO M3ZENHe, TaKa U KaTo M3CIIEA0BATEIICKH
WHCTPYMEHT IpH (yHIaMEHTAITHN HEBPOPHUINOIOTUIHYU H3CIIC/IBAHHUSL.

Pe3romera B cmucanusa

[Ty6nukyBanu ca pesromera BB Frontiers in Neuroinformatics, - 6 6p. , Neuroscience Letters — 1 6p.,
Fundamental and Clinical Pharmacology — 1 6p., KOHTO ca IPHIOKEHN B €EKTPOHEH BHI.
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