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CURRICULUM VITAE

Name: Abdallah Mtanios HAYAR, Ph. D.

Date of birth: 1969

Citizenship: Lebanese, American

Marital status: Married toSourayaRegisteredNurseat UAMS), Children: Tony (birth dater/20/10)

Current position:  Associate Profess@ienure)

Work address: Department of Neurobiology and Developmental Sciences
University of Arkansas for Medical Sciences
4301 West Markham Street #848ipmed I, Room 652
Little Rock, AR 72205
Tel. 5016866362, Fax: 5015267928
E-mails: abdallah@hayar.netmhayar@uams.edu
Website:http://hayar.net (Please visit my website for the most updatedrimition)

Home address: 7208 Marguerite Ln
Little Rock, AR 72205
Tel. 50:661-1014 (Home), Tel. 90836-8812 (Cell)

AWARDED DEGREES

1987: Baccalaureate in Experimental Sciences, Collége des Freres, Tripoli, Lebanon.

198791: Bachelor of ScienceB.S.) major BiologyAmerican University of BeirytBeirut, Lebanon.

1991-92: Maitrise de Physiologie Animal&niversity Louis Pasteur, Strasbourg, France.

199293: DEA (M.S.)deNeurobiologie et Physiologie degstemes de Communicatidsniversity Louis
Pasteur, Strasbourg, France. Director: Prof. Ken Marshall.

199396: Ph.D. in Neurosciences, Department of Physioldgwersity Louis PasteyStrasbourg, rance.
Director: Prof. Paul Feltz.

Thesis title: GABAergic and noradrenergic responses in silent and spontaneously active neurons of the rat
rostral ventrolateral medulla vitro. Committee: Profs. Alan Noth, Pascal Bousquet, Jean
Champagnat, Rémy Schlichter.

POSITIONS

1993 ACadr e de fbor& manthsatiSanofirReséarch, Montpellier, France.

19971999: Research Associate, Dept. of Pharmacology, University of Virginia.

19992003: ResealtAssistant Professor, Dept. of Anatomy & Neurobiology, University of Maryland.

20032005: Research Assistant Professor, Dept. of Anatomy & Neurobiology, University of Tennessee.

20062008 Associate Professg@fenure Track)Dept. Neurobiology & Developméal Sciences, University
of Arkansador Medical Sciences.

2008(July): Associate Professdienure) Dept. Neurobiology & Developmental Sciences, University of
Arkansador Medical Sciences.



http://hayar.net/
http://hayar.net/souraya/
mailto:abdallah@hayar.net
mailto:amhayar@uams.edu
http://hayar.net/
http://www.aub.edu.lb/
http://www-ulp.u-strasbg.fr/?langue=1
http://www.hayar.net/feltz.html

Abdallah Hyar 8/152010

LANGUAGES
English (fluent) French (fluent)Arabic (mother dngue)

AFFILIATIONS

Society for Neuroscience (U.S.A.), member since 1996.

Association for Chemoreception Science€k&nt), member since 1999.

American Physiological SociefW.S.A.), member (1992005).

Société des Neurosciences (France), member {2002).

International Society for Autonomic Neuroscience, member (P2@R2).

Graduate Faculty of the University of Maryland Graduate School, member-2203).
WashingtorBaltimore Computational Neuroscience Interest Group, member {2003).
Graduate Faculty of the University Afkansas for Medical Scienc&aduate School, membgnce
2007.

=4 =4 8 8 8 5 -5 -9

HONORS & AWARDS

- 2010 Nominee, Educational Technology Excellence Aw@idiv. of Arkansas for Medical Sciences)
-2010Nomi nee, fASecretaryo for the Association for
- April (2006): Young Investigator Award for Research in Olfactirize: $2000.

- France (19941996): University Louis Pasteur scholarsfopinternational doctoral students.

- Lebanon (1988991): Fares Foundation scholarship for undergraduate studies.

FUNDING /| RESEARCH PROJECTS:
Current funding

1.R01 DC00712306 (PI: AbdallahHayar) 07/0120057 06/302011  5.36 calendar
NIH / NIDCD $187,171year
Role: PI

T i t Exeernal tifted cells coordinate olfactory bulb activitiH RePORTERAbstrac).
The major goal of this project is termine the role of external tufted cells in coordinating the activity of
glomerular interneurons and output mitral cells via chemical and electrical synapses.

2. RO1 DCO0078782 (PI: Kathryn Hamilton) 04/01/20091 03/31/2012 2.00 calendar

NIH / NIDCD $41,400year

Role: CoPI, (Subcontract with.ouisiana State Unarsity)

T i t Coatributidn of EPL interneurons to olfactory processifidiH RePORTER Absac).

The goal of this project is to characterize the cell types of this external plexiform layer using modern,
guantitative anatomical methods and electrophysiological recording methods and to understand the
contributions of the cells in this layer tbaxtory discrimination.

3. R0O1 NS02024&1 (PI: Edgar Garcidill) 12/01/2008i 11/30/2013 2.40 calendar
NIH / NINDS $250,000year
Role: Col

T i t Ceatral Modulation of RhythnagNIH RePORTER Abstrajt
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The longterm objective of this project is to investigate the mechanisms controlling changes in state mediate
by brainstem, particularly mesopontine, mechanisms. The development of neurochentrchbf local,
ascending and descending pedonculopontine nucleus projections is the main area of study.

4. P20RR02014606 (PI: Edgar Garcidill) 08/01/2009i 04/30/2014 0.90 calendar
NIH/National Center for Research Resources $1229,518/year

Role: ElectrophysiologyCore Director

T i t Ceater fofiTranslational Neurosciend®llH RePORTER Abstralt

The major goals of this project are to implement a €dbevelopment Program for five Project Principal
Investigators (PIs) who are close to nationally competitive levels using grant support and mentoring activitie:
undertaken by established investigators.

5.RO01HL09710701: (PI: Sung Rhee 04/01/201003/31/2015 1.20 calendar
NIH/NHLBI $250,000year
Role col

Title: APSD95 srcaK+ odhamme lod (NN ReP@NTERADSI@M S 0N 0
This project will investigate a novel scaffolding molecule in the muscle cells of small cerebral arteries that
may ensure that potassium channels are expressed in adequate numbers and in the right location in the
muscle cells of cerebral arteries to optimizsok flow to the brain.

6.231G 11 3 5 4 3(Bl:1Abdallah Hayar) 01/01/20091 12/31/2010 0.00calendar
Arkansas Bioscience Institute (ABI) $38,500/year, UAMS cost$14,500.00/ear
Role: PI, cePl: Roger Buchanan, Arkansas Stdtaversity

Ti t Nowel tretmentfos moki ng dependence and relapseo.
The goal of this study is taetermine how repetitive trargsanial magnetic stimulatiomTMS) alters the
effects of chronic exposure to cigarette smoke on the rat P13 potential.

Recently sibmitted grants

1. Pilot study Center for Translational Neuroscience Award:(submitted on 09/10/2008)tle: REEG
dipole source mapping in epilepsy and neurodegenerative dideased | : Nai m
Role: Mentor $50,000 12/1/2008 7/31/2009.

2. R21DA02657701: (submitted o 06/16/2008)PI: Hayar, 4.0 calendaNIH/NID A, T Mdddlagon of il
brainstem cardiovascular neurons by drugs of addigt@t01/2009 1 03/31/2011,
Direct costs$375,0002 years.

3. R21INS063098)1A1: (submittedon 07/16/2008)PI: Hayar, 4.0 calendalIH/NINDS, Title: fiProtecting
brain microcirculation duringet r e me physi ol, @/Q0L2a&il condi
03/31/2011, Direct costs$375,0002 years.

4. RC1INS06865101: (submitted on 4/24/200®)I: Hayar,6.0 calendar, NIH/NINDS T iAn lltexfast i
imagingmethod for monitoring blood flow in the cerebral microcircat ,i o n 0
10/012009-09/302011, Direct costs: 34,004 Total costs: 851,8062 years.

5. RC1AA01909801: (submitted on 4/24/200®I: Hayar,6.0 calendar, NIH/NAAA, T iNedroeal
circuit interations in a rat model of Fetal Alcohol Spectrum Disooder 12008-0 1 /
09/302011, Direct costs: 883,793 Total costs: $46,4992 years

6. RC1AA01923801: (submitted on 4/24/200®)I: Kim Light, Role co-l, 2.4 calendar, NIH/NAAA, Title:
fiDynamic Visual Anajsis of Purkinje Neuron Spine Plasticity in a Rat FASD Model
10/01/200909/30/2011, Direct costs:330173 Total costs: $523002 years.

7. RO1AA01971701: (submitted on 10/22009)PI: Hayar Role PI, 60 calendar, NIH/NAAA, Title:
fiNeuronal circuitmteractions in a rat model of Fetal Alcohol Spectrum Disarder
07/01/2@.0-06/30/20%, Direct costs: $,250,000Total costs: $,812,0006 years.
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8. NSF1029249: (submitted on 02/12/2®@) PI: Hayar Role P14.0 calendarN S F,  Tradkihgghe
movement ofed blood cells in brain capillari@€)7/01/201806/30/2012Direct
costs: $40910Total costs: $716,82D years.
9. RO1DC00712307A1: (submitted on 07/02/201®)I: Hayar Role PI, 8 calendar, NIFMIDCD, Title:
A kternal Tufted cells coordinate olfactdsulb activityo 03/01/201102/29/2016,
Direct costs: $1,250,000 Total costs: $1,812,000/5 years.
10.GRANT10667871:(submitted on 08/05/2010) PI: Xiong Liu, Roleleg 6.0 calendarNIH, Title:
fiDevelopment of A Contrast Agent for Neafrared Deep Tissueraging , Tot al
costs: $150,000/1 year.

Pastfunding
1. 239 G13159501-E: UAMS Tobacco Settlemenfunds, Hayar Recruitment: Direct costs: $5,000,

Start up funds7/1/2006- 6/30/2@®7.

2. Center for Translational Neuroscience Recruitment FundsDirect costs: $00000 8/1/2006-
7/31/2007

3. RO3DC00635604: 25% effort,funding period: 5/12004 - 4/30/2009, Direct coss: $50,000/year for 3
years. Role: Principal Investigator, NIH/NIDCD, Titf@&ynchronous bursting among
juxtaglomerular neurog CRISP_Abstragt

4239 G111 336481 01 :SettleémavitF-undsdHayardRecauitment: 0 7/ 0 1/ 2 00OR@9,7 0
$150,000

PUBLICATIONS

Note: The fiveyearaverage impact factor and the number of segch reference was citeglereupdated on 7/30/2010

1. Pierce DRHayar A, Williams DK, Light KE (2010). Developmental Alterations in Olivary Climbing
Fiber Distribution Following Postnatal Ethanol Exposure in the Ratirosciencd69:14381448.
(Abstrac) (PDF, 1753 KB. Impact factor: 3, cited 0 time.

2. Simon C, Kezunovic N, Ye M, Hyde Blayar A, Williams DK, GarciaRill E (2010) Gamma band unit
activity and population responses in the pedunculopontine nuée) (Abstrac) (PDF, 4643 KB. J
Neurophysioll04:463474. Impact factor: 3, cited0 time.

3. Hayar A, Charlesworth AGarciaRill E (2010). Oocyte tplet pairing for electrophysiological
investigation of gap junctional couplingiNeurosci Method$88:280286.(Abstrac) (PDF, 1054 KB.
Impact factor: 2.5cited O time

4. Ye M, Hayar A, Strotman B, Garci®ill E (2010) Cholinergic modulation of fast synaptic transmission
of pedunculopontine thalamic projecting neurahileurophysioll03:24172432.(Abstrac) (PDF, 5388
KB). Impact factor: 38, citedO time.

5. Dong HW,Hayar A, Callaway J, Yang »H, Nai Q,Ennis M(2009)Group | mGluRactivationenhances
Ca2+dependenhonselectivecation currents anahythmicbursting inmain olfactory bulb externaltufted
cells. J Neuroscienc29:1194311953 (Abstract)(PDF,1836KB). Impact factor7.9, cited0 time.

6. Heister D,Hayar A, GarciaRill E (2009) Cholinergic modulation of GABAergic and glutamatergic
transmission in the dorsal Subcoeus: mechanisms for REM sleep cont&ikep32:11351147.
(Abstract)(PDF,469KB) Impact factor5.9, cited 2 times.

7. Dong HW, Heinbockel T, Hamilton KAjayar A, Ennis M (2009) Metabotropic glutamate receptors
and dendrodendritic synapses in the main olfactory Bulb.N Y Acad Scil170:224238. (Abstract)
(PDF,539KB). Impact factor2.6, citedO time.
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http://www.ncbi.nlm.nih.gov/pubmed/19750918
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http://www.ncbi.nlm.nih.gov/pubmed/19686141
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8. Ye M, Hayar A, GarciaRill E (2009) Cholinergic responses and intrinsic membrane properties of
developing thalamic parafasalar neuronsJ Neurophysioll02:774785.(Abstract)(PDF,3485KB)
Impact factor: 38, cited0 time.

9. Nai Q, Dong HWHayar A, Linster C, Ennis M20®) Noradrenergicegulation of GABAergic
inhibition of main olfactory bulb mitral cells varies as &unction ofconcentration andeceptorsubtype J
Neurophysioll01:24722484.(Abstract)(PDF,1033KB) Impact factor3.8, cited 2 times.

10.Hayar A, Gu C, AlChaer ED (2008) An improved method for patch clamp recording and calcium
imaging of newns in the intact dorsal root ganglion in rat$leurosci Method$73:7482. (Abstract)
(PDF,943KB). Impact factor2.5, cited 0 time.

11.GarciaRill E, Charlesworth A, Heister DS, Ye Mlayar A (2008) The developmental decrease in REM
Sleep: The role of transmitters and electrical coupliigep31:673690. (Abstract)(PDF,1227KB).
Impact factor5.9, cited 8 times.

12.Karpuk N,Hayar A (2008) Activation of postsynaptic GABAB receptors modulates the bursting pattern
and synaptiactivity of olfactory bulb juxtaglmerular neuronsl Neurophysio99:308319. (Abstract)
(PDE,322KB). Impact factor3.65 cited 3 times.

13.GarciaRIill E, HeisterDS, Ye M,Charlesworth AHayar A (2007)Electrical coupling: novel
mechanism for sleewake controlSleep30:14051414.(Abstract)(PDF,217KB). Impact facor: 4.47,
cited19 times.

14.Hayar A, Ennis M(2007) Endogenous GABA and glutamate finely tune the bursting of olfactory bulb
external tufted cellJ Neurophysio98:10521056 (Abstract)(PDF,209KB). Impact factor3.8, cited4
times.

15.Dong HW,Hayar A, Enns M (2007)Activation of metabotropic glutamate receptors (mGIuRSs)
enhances synaptic inhibition of olfactory bulb mitral cells (MCs) via actions on GABAergic interneurons
in the glomerular layer (GL) and granule cell layer (GAUNeuroscienc27:56545663. (Abstract)
(PDF,3304KB). Impact factor7.9, cited 6 times.

16.Heister DSHayar A, Charlesworth A, Yates C, Zhou YH, Garétdl E (2007)Evidence for electrical
coupling in the SubCoeruleus (Subicleus.J Neurophysio97:31423147. (Abstract)(PDF,222KB).
Impact factor3.8, cited 15 times.

17.Karnup SV, Hayar A, Shipley MT, Kurnikova MG (2006) Spontaneous field potentials in the glomeruli
of the olfactory bulb: the leading role of juxtaglomerular célisurosciencd42:203221. (Abstract)
(PDF,1454KB). Impactfactor: 3.5 cited 10times.

18.Ennis M, Zhu M ,Heinbockel T Hayar A (2006) Olfactorynerveevoked,metabotropiglutamate
receptormediatedsynapticresponses rat olfactory bulb mitral cells.J Neurophysio95:22332241.
(Abstract)(PDF,408KB). Impact factor3.8, cited 10 times.

19.Hayar A, Bryant JL, Boughter JD, Heck DH (2006) A-oost solution to measure licking behavior in
electrophysiological or behavioral setups with standard asteldgital convertersJ Neurosci Methods
153:203207.(Abstract)(PDF,309KB). Impact factor2.5, cited 6 times

20.Hayar A, Shipley MT, and Ennis M (2005) Olfactory bulb external tufted cells are synchronized by
multiple intraglomerular mechanismsNeuroscienc25: 81978208(PDF, 934 KB. Impact factor 7.9,
cited 32times

21.Hamilton KA, Heinbockel T, Ennis M, Szabo G, ErdelyHayar A (2005) Properties of external
plexiform layer interneurons in mouse olfactory bulb slidésurosciencd 33:819829 (Abstract)(PDF,
544 KB). Impact factor: 3, cited 14 times.
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http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=17522310http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=16876327&query_hl=2&itool=pubmed_docsum
http://hayar.net/articlespdf/Dong&Hayar&Ennis2007.pdf
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=17215497
http://hayar.net/articlespdf/Heister&Hayar&Charlesworth&Yates&Zhou&Garcia-Rill2007.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=16876327&query_hl=2&itool=pubmed_docsum
http://hayar.net/articlespdf/Karnup&Hayar&Shipley&Kurnikova2006.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=16394070&query_hl=2&itool=pubmed_docsum
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22.Hayar A, Karnup S, Bnis M, Shipley MT (2004b) External tufted cells coordinate tgtaanerular
circuit activity.J Neuroscienc24:66766685(Abstract)(PDF, 989 KB. Impact factor7.9, cited61
times

23.Hayar A, Karnup S, Shipley MT, Ennis M (2004a) Olfactory bulb glomeruli: external tufted cells
intrinsically burst at theta freqoey and are entrained by patterned olfactory inpiiteuroscience
24:11901199(Abstract)(PDF, 526 KB. Impact factori7.9, cited52 times

24.Aungst JL, Heyward PM., Puche AC, Karnup $4yar A, Szabo G, Shipley MT (2003) Center
surround inhibition among olfactory bulb glomeriiature 426:623629 (Abstrac) (PDF, 798 KB.
Impact factor32.9cited 137 times

25.Guyenet PG, Stornetta RL, Schreihofer AM, Pelaez Nidar A, Aicher S, LlewellyaSmith 13 (2002)
Opioid signalling in the rat rostral ventrolateral medullan Exp Pharmacol Physi@9:238242.
Review.(Abstract)(PDF, 58 KB. Impact factor2.1, cited21times

26.Ennis M., Zhou AM., Ciombor KJ, AroniadotAnderjaska VHayar A, Borrelli E, Zimmer LA.,
Margolis F, Shipley MT (2001) Dopamine D2 RecepWediated Presynaptic Inhibition of Olfactory
Nerve TerminalsJ Neurophysio86:29862997.(Abstract)(PDF, 195 KB Impact factor:3.8, cited 96
times

27.Hayar A, Heyward PM, Heinbockel T, Shipley MT, Ennis M (2001) Direct excitation of mitral cells by
activation of alphatdrenergic receptors in rat olfactory bulb slicekleurophysio86:21732182
(Abstract)(PDF, 199 KB. Impact factor3.8, cited 25 times

28.Hayar A, Guyenet P (2000) Prototypical imidazoliheeceptor ligand moxonidine activates alpha2
adrenoceptors in bulbospinal neurons of the RVNeurophysio83:766776 (Abstract)(PDF, 256 KB.
Impact factor3.8, cited 11 times

29.Hayar A, Guyenet P (1999) Alphadrenoceptoimediated presynaptic inhibition bulbospinal
neurons of rostral ventrolateral medulan J Physiol: Heart and Circulatory Physioldjg7:H1069
H1080(Abstract)(PDF, 457 KB. Impact factor: 3./cited M4 times

30.Hayar A, Guyenet P (1998) Presynaptic and postsynaptic effects of methemkephalin on identified
bulbospinal neurons of the RVIL.Naurophysiol80:20032014(Abstract)(PDF, 319 KB. Impact facto:
3.8, cited40times

31.Hayar A, Poulter MO, Pelkey K, Feltz P, Marshall KC (1997) Mesencephalic trigeminal neuron
responses to gamnr@minobutyric acidBrain Res753:120127 (Abstract)(PDF, 678 KB. Impact factor:
2.5, cited22 times

32.Hayar A, Feltz P, Piguet P (1997) Adrenergic responsesantsand putative inhibitory pacemakiéce
neurons of the rat rostral ventrolateral medulla in vitreuroscienc&7:199217 (Abstract)(PDF, 722
KB). Impact factor: ¥, cited 11 times

33.Jung M, Michaud JC, Steinberg R, Barnouin NHayar A, Barnouin MC, Mons G, Souilhac J,
EmondsAlt X, Soubrie P, Le Fur G1096) Electrophysiological, behavioural and biochemical evidence
for activation of brain noradrenergic systems following tachykinin NK3 receptor stimulation.
Neuroscienc@4:403414 (Abstract)(PDF, 356 KB. Impact factor: 3, cited 36 times

34.Hayar A, Fguet P, Feltz P (1996) GABMAduced responses in different electrophysiologically
identified neurons in the rat rostro ventrolateral meditain Res709:173183 (Abstract)(PDF, 1149
KB). Impact factor: 2, cited 8 times
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=9125438&query_hl=3
http://hayar.net/articlespdf/Hayar&Poulter&Pelkey&Feltz&Marshall1997.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=9044387&query_hl=3
http://hayar.net/articlespdf/Hayar&Feltz&Piguet1997.pdf
http://hayar.net/articlespdf/Hayar&Feltz&Piguet1997.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=8865192&query_hl=3
http://hayar.net/articlespdf/Jung&Michaud&Steinberg&Barnouin&Hayar&Mons&Souilhac&Emonds-Alt&Soubrié&Le-Fur1996.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=8833753&query_hl=3
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BOOK CHAPTERS

35.Ennis M, Hamilton KA Hayar A (2007)Neurochemistry of the main olfactosystem]n: Handbook of
Neurochemistry and Molecular Neurobiolo@} Edition (Lajtha A, Editorin-Chief), Vol. 20,pp 137
204,Sensory Neurochemistry (dason DA, Volume Eddr), Heidelberg:Springer,(PDF, 987 KB.

36.Ennis M,Hayar A (2008) Physiology of the Main Olfactory Bulb, in Allan I. Basbaum, Akimichi
Kaneko, Gordon M. Shepherd and Gerald Westhgeieditors The Senses: A Comprehensive Reference,
Vol 4, Olfaction and Taste, Stuart Firestein and Gary K. Beauchamp. San Diego: Academic Press; pp.
641-686.(Proof, PDF 10 MB.

37.Karnup SV ,Hayar A. (2008)Neuronal modules of the olfactory bulb: Mew Research on Neuronal
Networks(Momoka Yoshida and Haruka Sato, editors), ggtINova Science Puishers Inc., New
York. (PDF,1288 KB).

PUBLICATIONS (SUBMITTED OR IN PREPARATION)

38.Hayar A, Light KE, Pierce DR (2009) Coincident inhibitory inputs induce synchronized pauses in the
firing of Purkinje cellsJ Neurosciencén preparation).

SEMINARS AND SLIDE T ALKS

1. Hayar A. (Seminar)GABAergic and noradrenergic responses in the rat rostral ventrolateral medullai(RVL)
vitro: Relevance to cardiovascular regulation and vasomotor rhythmogenesis. (July 1, 1996) International School
for Advanced StudiesSISSA), 2-4, via Beirut, Triesteltaly .

2. Hayar A, Guyenet P. (Slide talk) Psand postsynaptic inhibitory actions of methionerékephalin on identified
bulbospinal neurons of the rat rostral ventrolateral medulla. (Experimental Biology M&stimigrancisco, April
1998).

3. Hayar AM, Karnup S, Shipley MT, Ennis MS(ide tall Synchronousctivity among juxtaglomerular neurons of
the rat main olfaiory bulb (MOB) in vitro.Program# 459.431st Annual Meeting of the Society for Neuroscience,
San Diegg November 2001).

4. Hayar A. (Seminar)Pre and postsynaptic inhibitory actions of methionarkephalin and noré@pephrine on
identified bulbospinal neurons of the rat rostral ventrolateral medulla. (Univ. of Wyobairgnie, June 2002).

5. Hayar A. (Seminar)Synchronous bursting among juxtaglomerular neurons of the aljduitb is mediated by
synaptic and nosynaptic interaction®evelopmental Neural Plasticity Unit, NINDSIIH, Bethesda June
2003).

6. HayarA.l nvi ted speaker for the ASatellite symposium ¢t
(CNS*04 6 Jul y Baltimgre. 200 4,

7. Hayar A. (6 Seminarsfaculty candidate) Synaptic transmission and gap junctions synchronize the bursting
activity of olfactory bulb neurons. 202D05 1- Univ. of Drexel,Philadelphia, 2- Univ. of lllinois, Rockford, 3
Univ. of TexasGalveston 4- Univ. of North DakotaFargo, 5 Univ. of MississippiJackson 6- Univ. of
Arkansas for Medical Sciencdsitle Rock .

MEETING ABSTRACTS AN D POSTERS

1. Marshall K,Hayar A, Feltz P. Responses of mesencephalic trigeminal neurgreminobutyric acid. Can. J.
Physiol. Pharmacol. Vol.72 (1994).

2. Hayar A, Poulter MO, Feltz RrAminobutyric acid responses in different electrophysiologically characterized
neurons withirthe rat rostral ventrolateral meduitavitro. (24th Annual Meeting of the Society for
Neuroscienceyliami, November 1994).
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http://www.springerlink.com/content/h02724/front-matter.pdf
http://www.springerlink.com/content/h02724/front-matter.pdf
http://hayar.net/articlespdf/Ennis&Hamilton&Hayar2007.pdf
http://hayar.net/articlespdf/Ennis&Hayar2008.pdf
http://hayar.net/articlespdf/Karnup&Hayar2008.pdf
http://www.sissa.it/nb/
http://www.sfn.org/index.cfm?pagename=abstracts_archive&task=view&controlID=7017&year=2001
http://hayar.net/Wyoming
http://hayar.net/AbdallahHayar
http://www.nbb.cornell.edu/neurobio/linster/cnsorg/Satellite.htm
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Hayar A, Feltz P. Réponses pré et postsynaptic GABAergiques dans le noyau rostral ventrolatéral bulbaire de ra
in vitro. Societédes Neuroscience&i@nce, Lyon, May 1995).

Hayar A, Piguet P, Poulter MO, Feltz P. Monophasic and multiphasic GABA responses in neurons of the rat
rostral ventrolateral medulia vitro. (25th Annual Meeting of the Society for Neuroscierga Diegg
November 1995).

Hayar A, Piguet P, Feltz, P. Réponses GABAergiques monophasiques et multiphasiques dans les neurones du
noyau rostral ventrolatéral bulbaire deiratitro. (63éme Congres de la Société de Physiolégace,
Strasbourg, December 1995).

Hayar A, Feltz P, Piguet P. Adrenergic responses in silent and putative inhibitory pacdikekeurons of the
rat rostral ventrolateral medulia vitro. (European Neuroscience Meetikgance, Strasbourg, September 1996).

Hayar A, Piguet P, Schlichter Rréperties of irregular firing neurons in the rostral ventrolateral meduilaro
and possible involvement in sympathoexcitatory function. (26th Annual Meeting of the Society for Neuroscience,
Washington D.C, November 1996).

Hayar A, Guyenet PPreandpostsynaptic inhibitory actions of methioniaekephalin on identified bulbospinal
neurons of the rat rostral ventrolateral medASEB burnall2 (5): 4290 Part 2 Suppl. S MAR , 2998
(Experimental Biology Meetingsan Franciscq April 1998).

Hayar A, Guyenet P. Presynaptic effects mediated by aklaiti@noceptors in the rat rostral ventrolateral
medullain vitro. (28th Annual Meeting of the Society for Neuroscienhaes Angeles November 1998).

Hayar A, Guyenet P. Tyramine releases predominantlgteain in the lower brainstem of neonate fatsitro.
FASEBJournall3 (4): A473A473 Part 1 Suppl. S MAR 12999 (Washington D.C., April 1999).

Hayar A, Guyenet P. Effect of tyramine and other indirectly acting monoamines in the rostral ventrolateral
medulla in vitro. (29th Annual Meeting of the Society for Neuroscieliéami, October 1999).

Hayar A, Shipley MT, Ennis M. Direct excitation of mitral cells by activation of alpaddenergic receptors in
rat olfactory bulb slicesSarasotg April 2000).

Hayar A, Shipley MT, Ennis M. Norepinephrine excites mitral cells by activation of alptednergic receptors
in rat olfactory bulb slice®2ogram# 45.830th Annual Meeting of the Society for Neuroscierdew Orleans
November 2000Abstrac).

Karnup SV,Hayar A, Ennis M, Shipley MT. Morphology & Physiology of juxtaglomerular (JG) cells in rat main
olfactory bulb (MOB).Program# 623.§31st Annual Meeting of the Society for Neuroscier®a Diegg
November 2001Abstrac).

Heinbockel THayar A, Laaris N, Shipley MT, Ennis M. Metabotropic glutamate receptors shape neuronal
excitability and synaptic responsiveness in mouse olfactory bulb $ioegram# 623.831st Annual Meeting of
the Society for Neurosciencgan Diegg November 2001Abstrac).

Aungst J, Karnup S\Hayar A, Shipley MT, Puche AQnterglomerular circuits in the main olfactory bulb
Program# 61.10(32nd Annual Meeting of the Society for Neuroscieri@dando, November 2002Abstrac).

Hayar A, Heinbockel T, Karap S, Ennis M, Shipley MT. Activation of metabotropic glutamate receptors
enhances synaptic interactions among juxtaglomerular neurons in olfactory bulb glofregriam # 168.433rd
Annual Meeting of the Society for Neuroscienslew Orleans November2003,Abstrac).

Shipley MT, Karnup S, Ennis M{ayar A. Olfactory bulb external tufte(ET) cells provide monosynaptic
excitatory input to periglomerular (PG) and short axon (SA) cBlisgram# 489.133rd Annual Meeting of the
Society for Neurosciencélew Orleans November 2003Abstrac).

Hamilton KA, Heinbockel THayar A, Szabo G, Erdelyi F, Ennis M. Functional properties of interneurons in the
external plexiform layer of the olfactory buBrogram# 821.733rd Annual Meeting of the 8tety for
NeurosciencelNew Orleans November 2003Abstrac).

Li C, Hayar A, Smith DV. Patckclamp recording of medullgrtaste neurons identified by retrograde labeling
from the ponsProgram# 594.833th Annual Meeting of the Society for Neuroscierdew Orleans November
2003,Abstrac).



http://hayar.net/
http://www.sfn.org/index.cfm?pagename=abstracts_archive&task=view&controlID=656&year=2000
http://www.sfn.org/index.cfm?pagename=abstracts_archive&task=view&controlID=9531&year=2001
http://www.sfn.org/index.cfm?pagename=abstracts_archive&task=view&controlID=9528&year=2001
http://www.sfn.org/index.cfm?pagename=abstracts_archive&task=view&controlID=8415&year=2002
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http://www.sfn.org/index.cfm?pagename=abstracts_archive&task=view&controlID=13848&year=2003
http://www.sfn.org/index.cfm?pagename=abstracts_archive&task=view&controlID=10287&year=2003
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Hayar AM, Ennis M. Activation of metabotropic glutamate receptors (mGluRs) enhances bursting in external
tufted cells of the olfactory bulrogram# 412.1(34th Annual Meeting of the Society for NeuceEnce,San
Diego, October 2004Abstrac).

Hayar A, Shipley MT, Ennis M. The bursting of olfactory bulb external tuft@)(cells is coordinated by
synaptic and gap junction currents. (27th Annual Meeting of the Association for Chemoreception Sciences,
Sarasotg April 2005,Abstrac).

Hayar A, Ennis M. Activation of metabotropic glutamate receptors (mGIluRs) enhances bursting in external tufted

cells of the olfactory bulb. (27th Amal Meeting of the Association for Chemoreception Sciergassotg
April 2005, Abstrac).

Hamilton KA, Hayar A, Ennis M Spiking properties of EPL interneurons. (27th Annual Meeting of the
Association for Chemoreception Sciencgarasotg April 2005, Abstrac).

Hayar AM, Shipley MT, Ennis M. The activity of olfactory bulb external tufted cells (ET) is synchronized by
various intraglomerular connectionBrogram# 614.17{35th Annual Meeting of the Society for Neuroscience,
Washington DC, November 200%Abstrac).

Dong HW,Hayar A, Ennis M Activation of metabotropic glutamate receptors (mGluRs1) in the glomerular layer
(GL) and granule cell layer (GCL) of the olfactory bulb enhances synaptic inhibition of mitral cells (MCs) (28th
Annual Meeting of the Association for Chemoreception Sciereesmsotg April 2006) Chemical Senses
Volume: 31 Issue: 5 Pages: AB&8 Published: JUN 2006

Karnup SV,Hayar A, Shipley MT, Kurnikova MGSpontaneous glomerular field potentials in slices of the
olfactory bulb. (36th Annual Meeting of the Society for NeuroscieAtanta, October 2006Abstrac).
Program#42.7 Poster#8.

Dong HW, Hayar A, Ennis M Activation of metabotropic glutamate receptors (mGleéRbances synaptic
inhibition of olfactory bulb mitral cells (MCs) via actions on GABAergic interneurons in the glomerular layer
(GL) and granule cell layer (GCL). (36th Annual Meeting of the Society for Neuroscigthaeta, October
2006,Abstrac). Program# 542,3Poster#P6.

Ennis M, Shipley MTHayar A. Glomeruli: dynamic portals into the olfactory brain. American Association of
Anatomists Washington DC, April 28 - May 2,FASEB burnal21 (5): AB4A84 APR2007.

Karpuk, N,Hayar A. Activation of postsynaptic GABAB receptors directly modulates the bursting pattern and
synaptic activity of olfactory bulb juxtaglomerular neurons. (29th Annual Meeting of the Association for
Chemoreception Sciencesarasota April 2007).

Hamilton KA, Ennis MHayar A. Interneuron EPSC bursts are correlated with tufted cell spike bursts in the
superficial external plexiform layer of the olfactory bulb. (29th Annual Meeting of the Association for
Chemoreception Science&sarasotg April 2007).

Dong HW, Hayar A, Ennis M . mGIuR1 Activation Enhances Nonselective Cation Currents and Rhythmic
Bursting in External Tufted (ET) Cell€hemical Sense3l (5): A68A68 JUN 2006(29th Annual Meeting of
the Association for Chemoreception Suies,Sarasotg April 2007).

Heister D,Hayar A, GarciaRill E. Electrical coupling in whole cell recorded SubCoeruleus neuAssnciated
Professional Sleep Societies (APSSgep30: A10A11 Suppl. SMeeting Abstract30 Minneapolis, June 2007.

Hayar A, Heister D, Garci®ill E. Carbachol induces synchronization of IPSCs at theta frequency in-edible
recorded SubCoeruleus neurons. Associated Professional Sleep Societies Sep3): A12A12 35 Suppl. S
Minneapolis, June 2007.

Karpuk N,Hayar A. Activation of postsynaptic GAB#receptors directly modulates the bursting pattern and
synaptic activity of olfactory bulb juxtaglomerular neurof@.th Annual Meeting of the Society for
NeuroscienceSan Diegg November 2007).

Hayar A. Spontaneous pdation activity revealed by calcivnand voltagesensitive dyes in the neuropil of

olfactory bulb glomeruli in vitro(37th Annual Meeting of the Society for Neuroscier®an Diegg November
2007).

Al-Chaer ED, Gu CHayar A. An improved method for patatiamp recording of neurons in the intact dorsal root
ganglion (DRG)(37th Annual Meeting of the Society for Neuroscierigan Diegg November 2007).



http://hayar.net/
http://www.sfn.org/index.cfm?pagename=abstracts_archive&task=view&controlID=7198&year=2004
http://ams.cos.com/cgi-bin/search/genProgram?formName=displayDetails&meetingId=193&institutionId=2981&abstractId=134325&displayOnly=1&today=1120498898843
http://ams.cos.com/cgi-bin/search/genProgram?formName=displayDetails&meetingId=193&institutionId=2981&abstractId=134414&displayOnly=1&today=1120499507093
http://ams.cos.com/cgi-bin/search/genProgram?formName=displayDetails&meetingId=193&institutionId=2981&abstractId=133331&displayOnly=1&today=1120499216265
http://www.sfn.org/index.cfm?pagename=abstracts_archive&task=view&controlID=10223&year=2005
http://www.abstractsonline.com/viewer/viewAbstractPrintFriendly.asp?CKey=%7b881FB39B-03E8-495C-AFE4-56FD9DBB16A0%7d&SKey=%7b934497D2-E28E-4033-BDC0-2340451DBA75%7d&MKey=%7bD1974E76-28AF-4C1C-8AE8-4F73B56247A7%7d&AKey=%7b3A7DC0B9-D787-44AA-BD08-FA7BB2FE9004%7d
http://www.abstractsonline.com/viewer/viewAbstractPrintFriendly.asp?CKey=%7b287C64FB-2FAD-4081-8AD7-0626E72D867A%7d&SKey=%7b934497D2-E28E-4033-BDC0-2340451DBA75%7d&MKey=%7bD1974E76-28AF-4C1C-8AE8-4F73B56247A7%7d&AKey=%7b3A7DC0B9-D787-44AA-BD08-FA7BB2FE9004%7d
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Dong HW,Hayar A, Ennis M. Activation of Group | mGluRmshanceshythmicbursting anchonselectivecation
currents inolfactory bulb externaltufted cells. (37th Annual Meeting of the Society for Neuroscierisan Diego
November 2007).

Nai Q, Dong HWHayar A, Linster C, Ennis M. Activation ad1 anda2 noradrenergic receptors differentially
regulate GABAerg inhibition of mitral cells in the main olfactory bulg87th Annual Meeting of the Society for
NeuroscienceSan Diegg November 2007).

Heister D,Hayar A, GarciaRill E. Differentiating SubCoeruleus neurons by responses to carbachol and
developmentalltanges in resistancg&7th Annual Meeting of the Society for Neuroscierifan Diego
November 2007).

Ye M, Hayar A, GarciaRill E. Electrical Coupling in Pedunculopontine (PPN) Nucleus Neurons. (37th Annual
Meeting of the Society for Neuroscien&anDiegq November 2007).

Burkovetskaya MHayar A, Karpuk N, Kielian T. Characterization of Astrocyte Activation in Acute Brain Slices
from Mice Harboring Brain Abscesses. (American Society for Neurochemistry (ASN) annual m@ating,
Antonio, March 2008)J Neurochemistry/olume: 104 Pages: 85 Supplement: Supgl PublishedMAR 2008

Heister D,Hayar A, GarciaRill E. Cholinergic modulation of fast excitatory and inhibitory input to the dorsal
subcoeruleusSleepVolume: 31 PagesA10-A10 SupplementSuppl.S Meeting Abstract31 Published2008

Nai Q, Dong HWHayar A, Linster C, Ennis M. Noradrenergic modulation of GABAergic inhibition of main
olfactory bulb mitral cells. Chemical Senses Volume: 33 Issue: 8 PagesS3334ublished: OCZ008

Hayar A, Cerer-surround interactions among neighboring olfactory bulb glomeruli revealed by optical imaging
of the spatiotemporal propagation of spontaneous population activity. (38th Annual Meeting of the Society for
NeuroscienceéWWashington DC, November 2008).

Pierce DR,Hayar A, Wiley CA, Light KE. Rat Purkinje cells that survive postnatal ethanol exposure are altered
morphologically and physiologically. (32nd Annual Meeting of the Research Society on Alcoledisjego

June 2009)AlcoholismClinical and Expemental Research, Volume: 33 Issueiecial Issue: Sp. Iss. S1

Pages: 168AL68A

Hayar AM, Light KE, Pierce DR. Coincident inhibitory inputs induce synchronized pauses in the firing of
Purkinje cells (39th Annual Meeting of the Society for NeuroscigBb&ago, October 2009Abstrac). Program
# 622.3, Poster # F4.

Ye M, Hayar A, Strotman B, Garci®ill E. Cholinergic modulation of fast synaptiatrsmission of
pedunculopontine thalamic projecting neurons (39th Annual Meeting of the Society for Neurosciecago,
October 2009Abstrac). Pragram # 375.16, Poster # FE16

JeradefBoursoulianF, Hayar A. Ethanol Reduces Olfactory Bulb Output by Reducing Excitatory Drive to
Mitral/Tufted Cells(32" Annual Meeting of the Association for Chemoreception ScierteRetersburg,
Florida, April 2010).

Yadlapalli K,Hayar AM, Al-Chaer ED Differential Effects of ATP on the Electrophysiological Properties of
Postsynaptic Dorsal Horn Neurons in the.Réith Annual Meeting of the Society for Neuroscien8an Diegq
November2010, Abstrac)

RESEARCH TECHNIQUES AND EXPERTISE

- Autoradiograply in rat brain slices

- Intracellular pH measurement by midtaorimetry using the BCECF probe

- Intracellular dye labeling

- Immunocytochemical staining fordmytin and tyrosine hydroxylase

- In situ hylridization (GABA mRNA subunits)

- Intracellular, extracellular and field potential recordingbrainslices

- Patchclamp techniquewhole-cell, outsideout, and single channel recordings

10
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- Analysis of the properties of evoked, spontaneous, and miniature posisygoamntanediated by
glutamate and GABA

- Recordings from bulbospinal neurons identified with retrograde tracing of fluoresesninggcted in the
spinal cord

- Simultaneous whoteell recordings from pairs ofearons in olfactory bulb slices
- Auto- and crosscorrelation analysiof spike trains and waveforms

- Calcium and voltagsensitive gie imaging, confocal microscopy

- Ultraviolet light laser uncagg of glutamate in brain slices

- Laser Doppler mesurement of cerebral blood flow

- High speed dpning disk confeal microscopy at 2000 frames/s

TEACHING

119921996: Experience in training graduate students for electrophysiological techniques at the Univ. Louis
Pasteur, France.

1 2001-2003: Teaching in Medical Neuroscience courses at the Univ. of amakyThe role of the RVL in
hypertension, synaptic physiology, synaptic communications in glomerular circuits.

1 20042005: Teaching in Morphological Neuroanatomy: Limbic system, olfactory system (Univ. of TN).

1 08/18/2006: Neurosurgery Lecture Series/Grandnds, Olfactory System.

1 08/25/2006: Neurosurgery Lecture Series/Grand RolNels;oreceptors.

108/28/2006- 12/11/2006Physiology Journal Club Series: supervise 8 student presentations
11 09/06/2006: Systems Neuroscience (NBDS 5153), Neurotransmitters |.

1 09/08/2006: Systems Neuroscience (NBDS 5153), Neurotransmitters 1.

109/11/2006: Systems Neuroscience (NBDS 5153), Channels and Currents 1.

1 09/13/2006: Systems Neuroscience (NBDS 5153), Channels and Currents Il.

1 10/27/2006: Systems Neuroscience (NBDS 5158adfory system.

1 01/12/2007: Medical Neurosciendégurotransmitters |, Neurotransmitters II.

11 04/03/2007: Cellular & Develop. Neurosci. (NBDS 5103), Membrane Potential and Action Potential.

11 04/12/2007: Cellular & Develop. Neurosci. (NBDS 5103), Postsyn&uttentials and Synaptic
Integration.

1 03/06/2008: Cellular & Develop. Neurosci. (NBDS 5103), Membrane Potential and Action Potential.

1 03/07/2008: Medical Neuroscience, Neurotransmitters |, Neurotransmitters Il.

11 04/03/2008: Cellular & Develop. Neuros@NBDS 5103), Postsynaptic Potentials and Synaptic
Integration.

11 03/05/2009: Medical Neuroscience, Neurotransmitters |.

11 03/06/2009: Medical Neuroscience, Neurotransmitters |II.

11 03/30/2009: Cellular & Develop. Neurosci. (NBDS 5103), Postsynaptic Potentibfsyaaptic
Integration.

1 04/06/2009: Cellular & Develop. Neurosci. (NBDS 5103), Cellular and Developmental Aspects of
Olfaction.

11 02/22/2010: Cellular & Develop. Neurosci. (NBDS 5103), Membrane Potential and Action Potential.
1 03/05/2@.0: Medical Neurosciere; Neurotransmitters |.

11
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1 03/08/2010: Cellular & Develop. Neurosci. (NBDS 5103), Postsynaptic Potentials and Synaptic
Integration.

1 03/09/2010: Medical Neuroscience, Neurotransmitters II.

1 04/09/2010: Cellular & Develop. Neurosci. (NBDS 5103), Cellular and €epmental Aspects of
Olfaction.

1 Medical Neuroscience NeuroAnatomy Lab: Labl: 3/2/10 (Whole Brain), Lab2: 3/3/10 (Half Brain), Lab3:
3/8/10 (Gross Brain Stemllab4: 3/16/10 (Spinal Cord), Lab5: 3/30/10 (Internal Medulla), Lab6: 4/6/10
(Internal Pons and Mbrain), Lab7: 4/21/10 (Coronal Sections), Lab8: 4/27/10 (Neuroradiology), Lab9:
4/28/10 (Motor System), Lab10: 4/28/10 (Upper Brain Stem)

1 Medical Neuroscience Clinical Conferences: CC1: 3/17/10 (Spinal Cord Diseases), CC2: 4/5/2010 ( Brain
Stem Diseas@sCC3: 4/16/10 (Vision System), CC4: 4/30/10 (Motor Diseases), CC5: 5/7/10 (Higher
Brain Diseases)

1 06/01/201607/14/2010: Neuronal Signals (NBDS 51&lgurse director and lecturer of the entire course
(18 hours, 1 credit summer course, 15 students edrdll of them were auditors).

Session | Day Date | Topic Instructor
1 Tue 6/1 Design of an electrophysiology setup Hayar
2 Thu 6/3 Neural population recordings Hayar
3 Thu 6/10 | Single cell recordings Hayar
4 Fri 6/11 | Analyzing synaptic activity Hayar
5 Mon 6/14 | Data acquisition and analysis Hayar
6 Wed | 6/16 | Analyzing and plotting data using OriginLab Hayar
7 Fri 6/18 | Detecting electrophysiological events Hayar
8 Mon 6/21 | Writing algorithms in OriginLab® Hayar
9 Wed | 6/23 | Imaging neuronal activity Hayar
10 Fri 6/25 | Laboratory demonstration of an electrophysiolo Hayar

and imaging experiment
11 Fri 7/9 | Article presentation I: Electrophysiology Hayar
12 Mon 7/12 | Article presentation Il: Imaging Hayar
13 Wed | 7/14 |[Ex am and st udeectotus®d s Hayar

Course Description: This condensed one credit summer course consists of teaching the theoretical aspects
of modern analytical methods to study neuronal activity. It focuses on the study of brain signals and describe
several methods for cerding and analyzing neuronal activity using modern techniques such as patch
clamping and imaging neuronal networks using caleiana voltagesensitive dyes. The course is to be

taught annually in Jurguly, during a Yweek period on Tuesdays and Thugsddt consists of 12 sessions:

9 lectures (80 min each), 1 laboratory demonstration (80 min) and 2 article presentations (80 min each) by
the instructorThe goal of the course is help graduate and medical students pursuing a career in
neuroscience areurology to become familiar with the cutting edge techrsdaemonitoring brain activity

Course Objectives:

1 To recognize and know the functions of major electrophysiological recording devices.

1 To be able to describe the significance and organizatian déctrophysiological laboratory.

1 To know how to design electrophysiology setups and experimental protodm®stigate brain activity.

1 To be able to articulate the basic theoretical underpinnings of techniques currenttyr mseditoring
brain acivity.

1 To enhance the ability to critically analyze journal articles related to the fields of electrophysiology and
imaging.

12
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LOCAL SEMINAR PRESEN TATIONS

01/25/2007 Presentatiofior candidacy for joint appointment at the Dept. of Physiology and Biophysics
Titl e: ASynaptic transmissi on awtydbfofaatpry j un c |
bulb neurong

04/02/2007: Presentation of the progress report for the Center of Translational Neurosciences External
Advisory Committee

06/15/2007: Trainingsmi nar f or CTN s u mmtrecod framksiagletnsurodT i t | e :
05/ 20/ 2008: Deands Research Forum. Title: ANeur C

05/22/2009T r ai ni ng seminar for CTN summeQamptudents.
Electrophysiology in Brain Slicés

03/18/2010: Dept. of Pharmaceutical Scien@éte: fAlcohol-induced alterations in cerebellar circoits

MENTORING AND TRAINING

Mentoing and traimng for electrophysiadgical techniques the following:
1 Graduatestudents:

- David Heister(8/1/2006i 4/15/2008)

- Meijun Ye (8/1/2006i 4/21/2009)

- Nebojsa Kezunovi€8/1/2009i present)

- Christen Simor{8/1/2009i present)

- Samuel Carué7/1/2010i present)

1 Researclassistants
- Parul Son{4/1/2006i 3/1/2008)
- Maria Burkovetskay§11/1/2006/ 6/30/2008)
- Madhvi Patel (5/10/2000 8/1/2009)
- Julius Franz (8/1/20005/15/2010
- Krishnapraveen Yadlapall8/1/2008i present)
- Margarita Escoved(b/10/2009 present
- Stephanie Mya(8/2/201071 presenk

1 Postdoctoral fellovs:
- Dr. Nikolay Karpuk(7/1/2006i 6/30/2008)
- Dr. Feras JeradeRoursoulian(5/1/2009i present)

1 Medical students
- JamesScott Steelg5/17/20107 8/1/2010)

1 High school students
- Brennon Luster (6/11/20076/22/2007)
- Shaterrica Bwson (6/11/2007 6/22/2007)
- Michael Smith(6/1/20107 8/6/2010)
- Konstantin Gruenwal@/1/20107 8/13/2010)
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ADIMINISTRATION AND _SERVICE

COMMITTEES

1 Member of the Strategic Planning Committ&adir ofResearctsubcommittegof the Dept. of
Neurobiobgy & Developmental Sciences (8/20/20082/31/2008)
1 Member of theRecruitmentCommittee of the Dept. of Neurobiology & Delepmental Sciences
(5/7/2009i presenx
1 Member of the Dept. of Neurobiology & Developmental Sciences Gradulaisory Committee
(9/1/2009i present)
Member of the Institutional Animal Care and Use Commit?é®/2010present
Member ofthesis committee ohe following graduate students:
- David Heister Dr. EdgarGarciaRi | | 6 s Lab, ¢ andigrddaated onedd=20p8 4/ 1 2
- Meijun Ye Or. EdgarGarciaRi | | pcandidaaytexam: 10/2/200Fraduated on 4/21/20P9
-KyongminKim@r.Z. Ji mmy Zhouo6s 19/ad007)candi dacy exam:
-Hamdan Hamdan (Dr. Patricia Wightods Lab, candi
- Jennife'Watts (Dr. Ele AI-C h a d_abpcandidacy exam: 5/26/2009)
- Christen Simon (Dr. Edgar Gareiai | | pcandidaaylexam: $8/2010)
- Nebojsa Kezunovic (Dr. EdgarGardgaai | | 6s Lab)
- Martin Watts (Dr. Elie AIC h a e r fgcandidaey lexand/192010)

E

GRANTSREVIEW

1 201Q NIH Study Section: Ad hoc reviewer for th€lTRCiA Neur ot r anspo
Calcium Signaling Study Sectiono at t

rters, Re
he NIH

1 2010:NIH Study Section: Ad hoc reviewefor RO3 Chemical Senses review meetiNgtional Institute
on Deafness andt@er Communication Disorders Special Emphasis RZ¥C1 SRBR (37)

| revised, made suggestions and/or helped in providing preliminary data for the following grants

at UAMS:

-Dr. Z. Jimmy Zhou: ROLEY010898 1, Titl e: APhysiohagy Bétndbeée oe

- Dr. Elie Al-Chaer: ROLDKO7773@ 1, Titl e: fASex Hor monedundedod Vi scC
4/1/2008

-Dr. JeffreyKaiser5 RO1NS060674, Title: APhysi ol ogi cal Di s
Intraventricular Hemorrhge". Funded on 6/1/2008

- Dr. Edgar GarciRill: RO1 NS02024&2 2, Ti tl e: A Cent r aAundedond2i2G08 i on

- Dr. Nancy Rusch: RO1IHL0935Z61 A1, T i -teiméAntihypeltensivg Therapy by Delivery of the
BK Channel Geneedon5528MCso. Fund

a the Univ. of Tennessee

- Dr. FUMing Zhou R01 DA02119401A2, T iNbritransporier cocaine mechanisms in dopamine
systen@. Funded on 9/31/ 2007

- Dr. Hongwei Dong: RO3 DC00904® 1, Ti t | depentehtcPiasticityaf Segsory @pses in the
Ol factory Bul bo. Funded on 7/ 1/ 2007

- Dr. Matthew EnnisRO1DC0031951 1, Ti tl e: #AMetabotropic Gl ut amat
Funded on 1/1/2007
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REQUESTED REVIEWER FOR THE FOLLOWING JOU RNALS:

- Journal of Neuroscience

- Journal ofNeurophysiology

- British Journal of Pharmacology

- Moleaular and Cellular Neuroscience

- Journal of Neuroscience Methods

- Neuroscience Letters

- PublicLibrary of Science (plos.org)

- Canadian Journal of Neurological Sciences

WEBMASTER

- Webmaster antesponsible for updating the following websisasce July 2006:

1- Dept. of Neurobiology & Deslopmental Sciences: http://www.uams.edu/neuroscience_cellbiology
2- Center of Translational Newoiences: http://www.uams.edu/ctn

3- Arkansas Chapter of the Society for Neuroscience: http://www.arneuro.org

SEMINAR ORGANIZER

- Responsible foorganizing anégcheduliig theCenter of Translational Neuroscienegslthe Dept. of
Neurobiology & Developmental Sciencgsminarsince8/1/2007
http://www.uams.edu/neuroscience_cellbiology/seminaentsv

TROUBLESHOOTING COMP UTER HARDWARE AND SO FTWARE

- Custom building higkend computers for research and troubleshooting PC hardware and software at the
Center for Translational Neurosciences

- Operating Systems:MS-DOS, Windows, Macintosh

- Application programs: Microsoft Office, Canvas, Corel Draw, Photoshop, Adobe Acrobat, pClamp,
Spike2, Origin, MiniAnalysis, Neuroplex, SAP, ARIA, Micromanager, ImageJ, Windows
Movie Maker, Windows Media Encoder, Photoscapey Video Converter

- Programming Languages Visual Basic, Visual C++, Origin C and Labtalk Script langu&ygginLab,
MatLab

- Internet: Webpage design (see my websiti://hayar.ngf Personal Web Server, FTP Server, Netscape
Composer, Frapage, Microsoft Exmssion Web

- SAP user since 11/16/2006.

- Online grant submission (Grants.gov) and routing (ARIA)

PRESS RELEASE AND PWBLICITY

UAMS News BureauOffice of Communications & Marketing, 4301 W. Markhar839, Little Rock, AR
722057199

1- UAMS Faculty MembeReceives Award for Smell Researdne 16, 2006.
http://www.uamshealth.com/?id=1655&sid=1

2- UAMS Researchers Identify Sle&ake Controls with Implications for Coma Patients and Those Under
Aneshesia. July20, 2007.
http://www.uamshealth.com/?id=2849&sid=1

3- Brain MechanismCouldBe Key to New Stimulants, Anesthetidsine 2, 2010
http://www.uamshealth.com/News/Default.aspx?id=5349&sid=1&nid=8818
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SUMMARY OF MAJOR ACHIEVEMENTS AND FUTURE PLANS
Please visit my websitettp://hayar.net for the most updateidformation

National award and recognition

| was awarded in 2006 the AAChemS Young |
Association for Chemoreception Sciences (AChemsS), an international association that advances
understanding of the seessof taste and smell. The award is given annually to an outstanding junior scientist
who is an emerging leader in the field of olfaction, and whose research record provides evidence of
excellence and contributions that have had or are likely to haveoa im@gact on research in the field of
olfaction. | was given this awaf$2000)because haveplayed an important role in promoting
chemosensory research by advancing our knowledge of olfactory bulb neurophysiology. My research projec
constitutes an essgal step to our understanding of olfactory input processing at the level of the glomeruli
and it helps us to unravel the fundamental network mechanisms responsible for encoding and processing
sensory informatiorin 201Q | was a emineefor thefi S e o rypositeon atthe Association for
Chemoreception Sciences (AChemS)

nves:

Funding
| am currently the Pl on one RO1 grant aneéPd@n another RO1 grant (d¢d: Hamilton) involving

olfactory bulb research. | am¢@n an RO1 grant (PI: GareRill) involving sleep research and-ton
anotherR0O1 grant (Pl: Rhee) involving vascular research. | also receive funds from the Center of
Translational Researdbr my role as an Electrophysiology Core Director. | have a pilot study grant from the
Arkansas Biosciencdastitute in collaboration with Dr. Buchanan (Arkansas State Univ.) on smoking
researchMy goal is to continuously seek NIH funding so that my laboratory will have enough resources to
further generate quality scientific data. In order to guarantee consrfunding, | haveecently {7/2/2010)
submitted my RO1 grant 0s .iThe puepase Of this projectlisftoaicraved they b u
fundamental network mechanisms responsible for encoding and processing odor information. In particular,
thisresearch will help us understand the synaptic organization of olfactory bulb glomeruli. Moreover,
because an impairment of olfactory function seems to be associated with some neurodegenerative diseases
we will examine the role of glomerular circuitry ifactory coding in normal and pathological conditions.
Anot her RO 1 Ngurchal dircuieimtdractioris e d ratimodel of Fetal Alcohol Spectrum
Disordeb, i n which | am the PIl, was s Dis.rRierceanddDwia n
(co-ls) and a revision will be submittesh 11/5/2010

The following table summarizes my funding since my recruitment at UAMS on 1/1/2006

10

WBS# Grant# (PI) Date Budget period Amount Amount Amount
released Direct Indirect Total
211 G13045099-E 7R03DC®635604 (Hayar) 03/31/06  05/01/0604/30/07 48,825.00  20,507.00 69,332.00
211 G13045099-E 7R03DC0063583 (relinquished) 03/21/06  01/01/0604/30/06 30,354.00 12,749.00 43,103.00
211 G13045099-E 7R03DC0063582 (carry forward) 05/04/06 3,825.37 1,60665 5,432.02
211 G13044999-E 7R01DCO0071236 (Hayar) 06/12/09  07/01/0906/30/10 187,171.00 78,612.00  265,783.00
211 G13044999-E 7R01DC007123)5 (Hayar) 06/12/08  07/01/0806/30/09 187,171.00 78,612.00 265,783.00
211 G13044999-E 5R01DC0071234 (Hayar) 04/12/07  07/01/0706/30/08 189,636.00 79,647.00  269,283.00
211 G13044999-E 5R01DC007123)3 (Hayar) 05/10/06  07/01/0606/30/07 195,300.00 82,026.00 277,326.00
211 G13044999-E 7R01DCO0071232 (carry forward) 05/04/06 2,984.67 1,253.56  4,238.23.00
211 G13044999-E 7R01DC007123)2 (relinquished) 03/03/06 187,494.00 78,747.00  266,241.00
211 G11146503-03 RR020146 CTN (Recruitment) 100,000.00 42,000 142,000
239 G13364801/02 Tobacco fund (Recruitment 2) 11/06/07  07/01/0806/30/09 150,000.0 0.00 150,000.00
239 G13159501-E Tobacco fund (Recruitment 1) 10/09/06 75,000.00 0.00 75,000.00
231 G13543501 UAMS Tobacco (Buchanan) 01/26/09  01/01/0912/31/10 14,500.00 0.00 14,500.00
231 G13543501 UAMS Tobacco (Buchanan) 03/09/10  01/01/0912/31/10 10,000.00 0.00 10,000.00
216 G13065901 R01DC00787602 (Hamilton) 05/04/09  03/01/0902/28/10 41,400.00 18,630.00 60,030.00
216 G13065902 R01DC00787683 (Hamilton) 03/17/10  03/01/1002/28/11 40,516.00 18,232.00  $58,748.00
Totals 1,464,176.0 512,622.21 1976798.21
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Publishing in_high-impact neuroscience journals

My goal is to continuously publish high quality scientific results in peelewed and highlyanked
Neuroscience journals. Since 1996, | have publisdeatticles, 3 book chapte and50 abstractsFive of
these articlesverepublished in Journal of Neuroscience (impact fact®) &xd one article ilNature
(impact factor32.9 cited137 times). Sincany recruitment at UAMS on January 2006 (in less thgaars),
| havepublished 19 articles 3 book chapterand 22 abstract3 he high rate of productivity has been
maintained despitdetransfer tca new position at the Univ. of Arkansas for Medical Sciences (UAMS), and
the time required for the establishment of a new laboratadyfor hiring new personnel.

Bringing state-of -the-art technigues to UAMS for exploring the brain

1- Ultra fast imaging of neuronal activity

Optical imaging techniques, nowadays, have become powerful tools for investigating cellular and
network physitogy. We have purchased a statethe art fast imaging system (NeuroC&MQ,
RedShirtimaging, CT) with a very high temporal resolution camera, capable of acquiring up to 5000
frames/sec. At this frame rate it is possible to image calcium and voltagks sigeabms temporal
resolution. This acquisition rate will allow us to detect fast voltage or calcium signal transients in a single
neuron or across a population of neurons. The Pl has already obtained interesting preliminary data and
submitted them asapt of new grant applicatienBecause this is a bre#tkrough technique and it is the first
of its kind at UAMS, the Pl is helping many colleagues to generate imaging data related to their project. For
example, we recently performed imaging experimenthemetina and the preliminary data has helped Dr.
Z. Jimmy Zhou get funded by an NIH grant (RO1 EY01089%4, enti tl ed APhysi ol og
r et i n a ohasperfarreecaldum imaging experiments on the intact dorsal root ganglion in
collabordion with Dr. Elie AFChaer(Hayar et al., 2008)The purpose dhe ongoingexperimentss to
elucidate the mechanisms of sensory gamitability that lead to chronic pain and we are planning to
submit soon an NIH grant on this project.

2- Live confoal live imaging

We have installed on top ahOlympus microscope a CSK1 spinning disk confocal (Yokogawa
Electric Corp, Japan). This system has the world's fastest scanning speed (up to 2000 frames/s) and integre
well with our RedShirtimaging camewehich is also capable of acquiring 2000 fps. It consists of a Nipkow
spinning disk that rotates at 10,000 rpm and contains about 20,000 pinholes and a second spinning disk
containing the same number of midemsesto focus excitation laser light into eactrresponding pinhole. It
can very rapidly raster scan the field of view with about 1,000 laser beamsbiluiti scanning not only
increases scanning speed, but also results in significantly lower photobleaching and phototoxicity. The
addition of this riatively low-cost ($150,000) confocal system is expected to enhance our fast live imaging
technology by allowing us to image deeper in the tissue with much bettertsigrase ratio and less light
scattering.

3- Ultraviolet laser technology to stimulatand image the brain

We have purchased an ultraviolet laser uncaging system. This equipment generates a high energy
ultraviolet laser beam which is linked to the microscope illuminator port via a 50 um diameter quartz optical
fiber guide. Using this syste it is possible to perform spot illumination of areas as small as 5 um diameter
to uncage compounds such as glutamate or calcium in a small region of a brain slice such as single dendrit
This technique can be combined with calcisemsitive dye imago The ultraviolet laser light can also be
used to evoke small brain lesions or to evoke a clot in a single capillary or blood vessel in the brain in vivo t
mimic the effect of stroke and study the mechanism of local ischemia.

4- Infrared laser technolog to quantify local cerebral blood flow
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We have also purchased an infrared laser equipment (Advance Laser Blood Flowmeter ALF 21) for
monitoring cerebral blood flow via Doppler effect. A semiconductor laser beam is stabilized and guided
through a quartz ajeal fiber with an open angle of approximately 28 degrees and then reflected by the
organic tissues, get scattered, reflected, and so forth to diffuse. Light reflected by the moving blood changes
its frequency by Doppler Shifts, in accordance with thede blood flow. The equipment can measure
simultaneously blood flow velocity and mass. We are planning to use this equipment to measure the effect c
hypoventilation and hypercapnia on blood flow in premature animals. This equipment will be used to
geneate preliminary results to apply for competitive multrestigator NIH grants in collaboration with Dr.
Jeffrey Kaiser, a neonatologist recently recruited at the Center of Translation Neurosciences.

Collaborations
| am a team player currently involdén 9 collaborative projects with researchers in my Department,

at the University of Arkansas and withllaborators irother Universitiegspeciallynembers of the
Association for Chemical Senségontinuously seek to help members of my neurosciententmity to
initiate newresearch or to refine ongoing woMy working philosophy is that real success can only be
achieved when your colleagues are also successful. | am an excellent team player because my colleagues ¢
rely on me to troubleshoot and eeltheir scientific problems. | share openly and willingly any scientific
information, knowledge and experience. | have an international background and | communicate
constructively and listen actively to colleagues with different ideas and points of mieMiraat them in a
respectful and supportive manner.

My ultimate goal is to understand the alterations in neuronal networks in pathological conditions, such
as neurodegenerative diseases, functional pain, hypertension, and when the brain becomegaddictiv
alcohol and drugs of abus®&ince my recruitment at the Dept. of Neurobiology & Developmental Sciences
on January 2006, | have built 4 patdamp electrophysiology setups: 2 in my lab and 3 others in my
colleagues’ labs (Dr. Elie AThaer and Dr. Gara-Rill at the Center for Translational Neurosciences). | have
trained and canentoredb graduatestudents6 research assistangspostdoctoral fellows, 1 medical student,
and 3 highschool students several techniquesich agpatchclamp recordingsni different brain structures
involved in olfaction, vision, sleep and pain.

Ongoing Collaborations

1. Collaboration with Dr. Edgar Garcia Rill (Dept. of Neurobiology and Developmental Sciences) to
investigate electrical coupling in the reticular activasgstem which is involved in the regulation of
rapid eye movement sleep.

2. Collaboration with Dr. Elie AlChaer (Dept. opediatrics) to investigate the effect of visceral
hypersensitivity on the electrophysiological properties and calcium signaling in cimsghnglion
neurons using the wheleell patch clampechnique in the intact ganglion.

3. Collaboration with Drs. Kim Light and Dwight Pierce (Dept. of Pharmaceutical Sciences) to investigate
the alterations in cerebellar neuronal circuit interactionsrat enodel of Fetal Alcohol Spectrum
Disorders.

4. Collaboration with Dr. Sung Rhee (Dept. of Pharmacology and Toxicologyyestigate a novel
scaffolding molecule in the muscle cells of small cerebral arteries that may ensure that potassium
channels arexpressed in adequate numbers and in the right location in the muscle cells of cerebral
arteries to optimize blood flow to the brain.

5. Collaboration with Dr. Naim Haddad (Dept. of Neurology) to establish a metheE®fdipole source
mapping in epilepsy anteurodegenerative diseases

6. Collaboration with Dr. Kathryn HamiltorLfuisiana State Unersity)to characterize the cell typestbe
olfactory bulbexternal plexiform layeand to understand the contributions ofgeells in this layer to
olfactory disrimination.
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7. Collaboration with Dr. Roger Buchanan (Arkansas State Universitygteardine how repetitive trans
cranial magnetic stimulatiofiTMS) alters the effects of chronic exposure to cigarette smoke on the rat
P13 potential.

8. Collaboration with DrJason ChanDept. of Neurobiology and Developmental Scienteshvestigate
the mechanisms of neurotoxicity of methyl mercury in glial cells and neurons

9. Collaboration with DrXiong Liu (Mesolight, LLC) to develop a novel fluorescence contrast agent for
nearinfra-reddeep tissue imaging based onagmverting nanoparticles (UCNPS)

Previous Collaborations:

1. Collaboration with Dr. Jeffrey Kaiser (Dept. of pediatrics) to develop an animal model of intraventricular
hemorrhage and to test the effect of hypprea and hypertension on cerebral blood flow and other
respiratory and cardiovascular parameters.

2. Collaboration with Dr. Jimmy Zhou (Dept. of Physiology and BiophydigsMS, and Yale Uniy).to
investigate retinal waves using imaging of calcium and velsagsitive dyes.

3. Collaboration with Dr. Tammy Kielian (Dept. of Neurobiology and Developmental Sciences) to
investigate the effects of brain infection on electrical coupling in glial cells labeled by GFAP in
transgenic miceDr. Kielian has moved her lakstory to the University of Nebraska Medical Center in
Omaha, NE.

Teaching and Training

Despite the dedication 85% of my effort to research | have been involved in significant teaching
and training in my Department as well as in other Departmeans.durrently teaching in the System
Neuroscience, Medical Neuroscience and Cellular and Developmental Neuroscience kanrsles.ourse
director and | ecturer of an entire course fANeuroa
15 stueents enrolled, 7 of them were auditoi®)is condensed one credit summer course consists of teaching
the theoretical aspects of modern analytical methods to study neuronal dcivitgn the thesis dissertation
committee o6 PhD students: | am curréynimentoring a postdoctoral fellow (Dferas Jeradeh
Boursoulian who joined my laton May 1%, 2008. | havealsovolunteered to be a mentor for minority
students in order to motivate them to pursue a scientific career. | was responsible for merddraigiag
2 college students (Brennon Luster and Shaterrica Dawson) for electrophysiological techniques for 2 weeks
(6/11/20076/22/2007). The students were allowed to use all the resources in my lab so that they can get
practical experience in how reselaiis performed, and how experimental data is analyzed and published in
scientific journals. | am hoping that after getting additional funding, | would be able to recruit two graduate
students in my lab and train them for electrophysiological techniquedén to explore the function of
different neuronal networks. | also organize Journal Club presentébiocss or twice a weekvith Drs Al-
Chaer and GarciRill) that involve students, postdoctoral fellow, and facultyjrdy which we discuss
recentlypublished articles in different areas of Neurophysiology.

Administrative Service

| am currently a rmamber of the Institutional Animal Care and Use Comm(ttk€UC). | am a member
of Graduate Advisory Committesnd theRecruitment Committee of the Dept.d¢urobiology &
Developmental Sciencelsam the webmaster responsible for updating the websites for the Dept. of
Neurobiology & Developmental Neurosciencge Center of Translational Neurosciences (GENY the
Arkansas Chapter of the Society for Newieace | am responsible for organizing and scheduling the CTN
and Department seminars since 8/1/2007. | am an SAP user since 11/16/2006. | have very good experience
online grant submission (Grants.gov) and routing (ARIA). | help my colleagues toasbobt PC hardware
and software.
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Olfactory Research: External tufted cells coordinate olfactory bulb activity

An i mpairment of olfactory bulb function has been

Al zhei mer 6s di s e as eanpts alditional ingestigaions o the anaomyp and connectivity of
the olfactory bulb in order to unravel the mechanisms of sensory processing by bulbar circuits and to
understand the neuronal basis of olfactory dysfunction in neurodegenerative diseases. The olfactory bulb is
characterized by an array of modules called glomeruli that are organized in a way such that odor information is
represented spatiotemporally among glomeruli. Despite dramatic advances in chemosensory research, we still
do not understand how sensory input is encoded in neural activity within and among glomeruli before being
relayed to higher-order cortical structures. According to the combinatorial receptor and glomerular codes for
odors, the fine tuning of the output level from each glomerulus is important for information processing in the
olfactory system. We have made significant advances in understanding how synchronous bursting activity of
external tufted cells (ET) is coordinated by both synaptic and gap junction coupling in addition to olfactory
nerve input. Therefore, one important physiological function of the glomerular network might be to generate
and propagate synchronous activity as an essential step in olfactory coding. However, the role of
periglomerular cell (PG) GABAergic signaling in shaping glomerular input/output is still largely unknown.
Immature PG cells migrate from the subventricular zone and integrate into the glomerulus to perform discrete
network operations such as providing feedback inhibition to ET cells. Most PG cells are both GABAergic and
dopaminergic and they may degenerate in the early
in glomerular network interactions and olfactory dysfunction. In this renewal application, we investigate the
functional role of PG cells using a combination of in vitro techniques such as electrophysiological and optical
multicellular and population recordings at high temporal resolution. The main goal of this proposal is to study
the impact of PG cell activity on the output of the glomerulus. We will test the following hypotheses: (1) PG cell
population fire correlated bursts of action potentials and release GABA synchronously in a bursting fashion
onto themselves and onto ET cells. (2) GABA released from PG cells activates GABAg receptors onto ET cells
and modulates the release of glutamate from ET cell dendrites. (3) Center-surround GABAergic and
glutamatergic interglomerular synapses shape the pattern of glomerular activity and coordinate spatiotemporal
activity among neighboring glomeruli. This research will promote our understanding of interneuronal
population coding in the olfactory system. In particular, it will provide insight into how interneurons shape the
activity of output cells and modulate their synchronous firing. Therefore, delineating the interactions among
interneurons and output neurons of the olfactory bulb would help us understand the normal function of the
glomerular neuronal circuit and how it may be altered in neurodegenerative diseases that are associated with
smell deficits.

Schematic model of the intraglomerular circuitry.
Glutamatergic ET cells have intrinsic, rhythmic
burst firing and are contacted directly by olfactory
nerve (ON) terminals. ET cells (right) exhibit ;

synchronous spike bursting activity because they .

are connected by gap junctions (oval) (Hayar et . W
al., 2004, 2005). ET cells (left) are synchronized ¢ s '% £

further by synchronous EPSPs from the same
olfactory nerve (ON) axons, and by correlated _
bursts of IPSPs from the same and different sets =~ EPSFPsP PG

of periglomerular (PG) cells. The EPSPs and

IPSPs occur in sequence and they respectively

trigger and subsequently terminate the bursting.

ET cells of the same glomerulus fire in synchrony

and directly elicit bursts of EPSPs in other JG

interneurons, the periglomerular (PG) and short axon cells (SA), most of which do not receive ON input. PG cell
dendrites ramify in a restricted portion of a single glomerulus and thus might serve for local intra-glomerular
inhibition via dendrodendritic interactions with ET or mitral cell (MC) dendrites. By contrast, SA cells have
dendrites and axons extending throughout several glomeruli and thus might serve for inter-glomerular (i.e. lateral)
inhibition. ET cells may represent a rhythm generator of the glomerular network. The synchronously bursting ET
cel |l gl omerul ar Afensembl ed represents an oscillati
activity of PG and SA neurons within the same glomerulus, and may possibly coordinate the activity of MC
projection neurons via glutamate spillover.
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Evidence for inter-glomerular
interactions. An  olfactory
bulb slice was stained with
the voltage-sensitive dye di-
4-ANEPPDHQ (75 uM).
Optical  recordings  were
obtained with an acquisition
rate of 128 frames/sec and
80x80 pixels resolution using
a 10X objective. A.
Spontaneous optical signals
were obtained from a single

glomerulus (glomerulus#5
shown in panel C; a
decrease in fluorescence
intensity indicates
depolarization) in different
pharmacological conditions.
Disinhibition by gabazine

increased the amplitude and
the  frequency of the
spontaneous events whereas
APV reduced their duration.

They were blocked by
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addition of CNQX indicating that they represent population excitatory postsynaptic responses. B. Optical signals
from 10 regions of interest, each representing a single glomerulus. Note that the optical events (dashed ovals)
were correlated among neighboring glomeruli. Gabazine increased the number of correlated events and widened
their spatial distribution. C. Representative frame of the region where the spontaneous optical glomerular
responses were recorded. ONL: olfactory nerve layer EPL: external plexiform layer.

Triple recordings from
ET cells. Three ET cells
were  first  recorded
extracellularly using
electrode containing
ACSF for a period of
about 10 min. Then we
performed intracellular
recordings from the
same ET cells in voltage
clamp, using patch
pipettes containing QX-
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Alcohol Research: Neuronal circuit interactions in a rat model of Fetal Alcohol

Spectrum Disorder

Purkinje cells (PCs) in the cerebellum are particularly vulnerable to damage caused by alcohol exposure
during early brain development. It is unknown how neuronal circuit interactions are altered during alcohol
exposure and how neurons that survive the insult of alcohol manage to compensate for the loss of a significant
number of PCs. In order to investigate the damage on cerebellar circuits caused by developmental alcohol
exposure, we will use a rat model of fetal alcohol spectrum disorder (FASD), which mimics the deleterious
effects on the fetus caused by alcohol ingested by a pregnant mother during the third trimester. Because PCs
are the sole output of the cerebellar cortex, we hypothesize that a disruption in coordinated activity among
PCs is the leading cause of cerebellar dysfunction in the FASD model. This hypothesis will be tested using a
combination of sophisticated electrophysiological and imaging techniques where it is possible to record
multiple neurons simultaneously and characterize the spatiotemporal propagation of their activity. Our main
goal is to elucidate the impact of alcohol exposure on cerebellar network processing in the FASD model. We
will test the hypothesis that the PC synchronized activity is impaired in the FASD model. In particular, we will
test whether PCs which survive the alcohol treatment exhibit an altered synchronized activity caused by a
change in GABAergic synaptic transmission and the delayed hyperpolarization-activated current (lh). These
experiments will be performed using multiunit extracellular loose-patch and intracellular whole-cell patch clamp
recordings. The mechanisms and degree of synchronized activity will be analyzed as a function of distance
between PCs. We will also test whether the spatiotemporal population activity of PCs is altered in the FASD
model by performing neuronal population recordings using ultrafast imaging of cerebellar slices that have been
labeled with voltage- and calcium- sensitive dyes. Moreover, we will test the hypothesis that disruption in
neuro-plasticity at the level of the synapses is altered in the FASD model. For these experiments, we will use
another combination of techniques such as immunofluorescence, confocal microscopy and 3D-reconstruction
for quantitative analysis in fixed tissues, as well as dynamic visualization of axons and spines in live cerebellar
slices. The results of this study are expected to provide a break-through in our understanding of the
functioning of homeostatic neuronal circuits altered by alcohol exposure. This knowledge is necessary to
conceptualize and identify appropriate interventions to alleviate the brain damage induced by developmental
alcohol exposure. This project is very important for public health because it will enhance our understanding of
the fundamental mechanisms of developmental alcohol effects on cerebellar control of motor movement. It
also raises the awareness of the general population about the detrimental effects of alcohol and drugs of
addiction on brain networks.
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Simultaneous recordings of 4 adjacent PCs from control rat. A. Traces of spike trains from the 4 cells. B.
Photo of the cerebellar slice (lobule 1) showing the position of the 4 extracellular electrodes in the PC layer. C.
Cross-correlograms of the spike trains (during 6 min of recording) of the 6 different pairs of cells. Scatter plot
of the peak cross-correlation coefficient as a function of distance between cells. D. The linear fit (red trace)
indicates that this coefficient decreases as distance between cells increases.
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were then recorded intracellularly with 2 patch pipettes containing Alexa 594 dye (left cell) and Lucifer Yellow
(right cell). E. Simultaneous intracellular recordings of the membrane currents show the presence of coincident
IPSCs (asterisks). F. Cross-correlograms of the membrane current traces (duration 30 sec) shows a significant
peak at lag time zero indicating IPSC synchronization.
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Sleep Research: Central Modulation of Rhythms

The pedunculopontine nucleus (PPN) helps control sleep-wake rhythms and modulates posture and
locomotion. The proposed research will address three functional aspects (ascending, local and descending) of
the PPN, the cholinergic arm of the Reticular Activating System (RAS). From 10-30 days postnatally there is a
dramatic decrease in the percent of REM sleep in the rat. A hypothesis was proposed suggesting that
disturbances in the developmental decrease in REM sleep, a return to a neonatal state of REM sleep drive,
could lead to a number of disorders characterized by increased REM sleep drive. We tracked changes in
ascending and descending projections from the PPN, along with developmental changes in neurochemical
systems modulating the PPN. We found that certain neurotransmitters could be responsible for modulating the
developmental decrease in REM sleep, reported new interactions between identified cell types, and proposed
a push-pull model for PPN modulation of posture and locomotion. We also discovered the presence of
electrical coupling in the PPN as well as in an ascending and a descending target of the PPN. Preliminary
evidence suggests that changes in electrical coupling parallel the developmental decrease in REM sleep. This
newly discovered mechanism will be explored using a) whole-cell patch clamp and intracellular sharp electrode
recordings, b) pharmacological manipulation to induce and block electrical coupling, and ¢) measures of
connexin-36 MRNA expression and protein levels before and during the developmental decrease in REM
sleep (7-30 days), in 1) the parafascicular nucleus (Pf), an ascending target of the PPN, 2) the PPN itself, and
3) the SubCoeruleus (SubC) nucleus, a descending target of the PPN implicated in the generation of REM
sleep. The discovery of electrical coupling in these RAS nuclei is critical given that recent findings suggest that
the stimulant modafinil exercises its effects by increasing electrical coupling. Conversely, a number of
anesthetics are known to decrease electrical coupling. The mechanistic characterization proposed represents
a new paradigm for sleep-wake control and may revolutionize how we think about sleep-wake control, reveal
how electrical coupling interacts with known transmitter inputs in the RAS to modulate sleep-wake states, and
how we may develop new therapeutic strategies for the treatment of a number of devastating disorders that
have as a common symptom the manifestation of increased REM sleep drive. In fact, by ignoring the role of
electrical coupling we will fail to understand this system. We discovered the presence of electrical coupling, by
which nerve cells can communicate directly through pores called gap junctions, in the part of the brain that
controls sleep-wake cycles, the reticular activating system (RAS). We demonstrated the presence of electrical
coupling using recordings from pairs of neurons. This finding helps explain the actions of some anesthetics,
which are known to block gap junctions, and of a new stimulant, modafinil, which is now known to increase
electrical coupling. This novel mechanism may promote ensemble activity in large numbers of neurons to
promote rhythms during waking, and the absence of such activity may lead to sleep. We propose a series of
detailed studies to investigate the organization (which cells are coupled, which are not), the control (which
transmitter systems activate, which inhibit), and the modulation (which agents can increase vs. decrease
coupling) of this mechanism. The mechanistic characterization proposed represents a new paradigm for sleep-
wake control and may revolutionize how we think about sleep-wake control, reveal how electrical coupling
interacts with known transmitter inputs in the RAS to modulate sleep-wake states, and how we may develop
new therapeutic strategies for the treatment of a number of devastating disorders that have as a common
symptom the manifestation of increased REM sleep drive. In fact, by ignoring the role of electrical coupling we
will fail to understand this system.

System Schematic. Pf, PPN and SubC are organized S ¢ M1 recoptor
similarly to the specific relay and reticular nuclei of the Kogs Pf o M2 receptor
thalamus. Thalamic relay neurons (TRNSs) project to the - ‘ © Gap junction

cortex and send collaterals to inhibitory GABAergic

interneurons (which are electrically coupled) in the

reticular nucleus that in turn inhibits TRNs and local

circuit neurons. Cortical projections return to the TRNSs, - PPN
local circuit cells, and to inhibitory GABAergic :
interneurons. Ascending cholinergic input from the PPN '
excites TRNs and inhibits reticular cells. These SubC
interactions lay the groundwork for the exploration of a '
novel mechanism for sleep-wake control based not only

on known transmitter interactions, but also on

superimposed ensemble activation provided by

electrical coupling.
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Synchronous activity in control

pedonculo pontine nucleus WW
(PPN) and its modulation by NQX+APV+gabazine (C.A.G.)

carbachol. All data in this figure ‘
were obtained from the same

+carbachol

paired recording. A.

Simultaneous extracellular +carbenoxolone

recordings (1 sec samples are il 79
shown) were made from 2 cells 100 ms ?

(red and blue traces) located in C
the PPN in different
experimental conditions. Note

that the occurrence of spikes
coincided most of the time in

both cells even in the presence =
of blockers of fast excitatory a=an ~\
and inhibitory synaptic 2N / ~ _ =
transmission (CNQX, 10 uM + N
APV, 50 pM + gabazine, 10 e NS <
pUM). Carbenoxolone (300 pM)
reduced spike frequency and 100 50 _ 0 5 100
desynchronized the cells. B. E

Photograph of the slice using
2X objective showing the
anatomical location of PPN
where the dual recording was
performed. C. Sliding 3-
dimensional crosscorrelograms
of spikes indicate significant
synchronous activity
throughout 50 minutes of
recording. Note that the
crosscorrelation coefficient
peak was near zero time lag T he —
and the significant correlation | : e i "*’i. ~_ | ‘Q o
window was around 25 ms (i.e. i 3 : _ e ‘P = 07
the occurrence of spikes in ¢ 10 2 Time(min) 3 4 50
both cells tended to coincide within 25 ms interval). Each crosscorrelogram was obtained using 2 minutes of
sampling data and there was one minute interval between consecutive crosscorrelograms. D. Same sliding
crosscorrelogram as in (D) but the 3-D graph was tilted in order to view the effect of carbachol on the peak of
coefficient of correlation. The first 2 applications of carbachol were made in control aCSF and the third
application was made in the presence of CNQX+APV+gabazine as in (E). E. Upper panel represents a
frequency histogram of both cells (red and blue traces) throughout 50 min of experiment. Carbachol
produced multiphasic responses on the first cell (red) whereas it produced mainly inhibition on the second
cell (blue). Lower panel is a scatter crosscorrelation. Each dot represents the interval between a spike
occurrence in cell #2 and a given spike in cell #1 in a time window of + 125 ms. The color-coded
superimposed matrix represents the density of dots and is equivalent to a sliding crosscorrelation. Note that
the crosscorrelation peak increased in magnitude after each application of carbachol (Dark blue indicates
higher coefficient of correlation according to the right color-coded scale). Note also that the peak of
correlation (black horizontal line) remains close to center (horizontal red line) except after application of
carbenoxolone which gradually reduced the activity the cells and desynchronized them (between 47 -50
min). The persistence of a significance crosscorrelation coefficient in the presence of synaptic blockers and it
reduction by carbenoxolone suggest that the 2 cells are coupled by gap junctions.
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Innovative Methodologies: Combining multi-patch clamp electrophysioloqgy

with ultra-fast confocal imaging

The laboratory where the PI works is fully equipped with an in vitro electrophysiological setup for patch clamp
recordings in brain slices (see Fig. 1, below). This setup includes an a anti-vibration table (TMC, Peabody,
MA), an Olympus BX51WI microscope equipped with infrared DIC and epifluorescence, 4 fine motorized
micromanipulators (model# MX7500, Siskiyou Corp., Grants Pass, OR, 4 axes each, see Figure, below) and 2
manual coarse micromanipulators (model# MX110L Siskiyou, and model# M-3333, Narishige, Japan)
installed around a custom made patch-clamp recording chamber heated to 30 °C using a 12 V DC battery with
temperature controlled by Bipolar Temperature Controller (TC2BIP, Cell MicroControls, Norfolk, VA). The
motorized micromanipulators hold 4 headstages from 2 dual patch clamp amplifiers (Multiclamp 700B,
Molecular Devices, Sunnyvale, CA; see Fig. 2, below). The 2 coarse micromanipulators are used to place
stimulating electrodes controlled by a Master-8cp stimulator (AMPI Inst. Ltd, Jerusalem, Israel) or electrodes
containing drugs for pressure application using a Picospritzer 1ll, Parker Hannifin Corp., Fairfield NJ). The
setup is also equipped with one Tektronix oscilloscope and an analog-to-digital acquisition system (Digidata
1440A) and pClamp analysis software. Photos of fluorescent cells are taken using a digital camera (Nikon,
Coolpix 8700) connected to the microscope eyepiece via an adapter (MM99-5700, Martin Microscope Co.,
Easley, SC).

The setup (Fig. 1) has a NeuroCCD-SMQ Imaging System (RedShirtimaging, Fairfield, CT) based on a
Pixel Vision FastOne camera (80 x 80 pixels; back-illuminated, cooled CCD characterized by 2 kHz full-frame
rate, 14 bit A-to-D resolution, well depth of 300,000 electrons/ms). To prevent photodynamic damage, the



