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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 #84ipmed Il, Room 652
Little Rock, AR 72205
Tel. 501686-6362, Fax: 501526-7928
E-mails: abdallah@hayar.nedmhayar@uams.edu
Website:http://hayar.net (Please visit my website for the most updatedrmgtion)

Home address: 7208 Marguerite Ln
Little Rock, AR 72205
Tel. 501661-1014 (Home), Tel. 968368812 (Cell)

AWARDED DEGREES

1987: Baccalaureate in Experimental Sciences, College 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 degssemes de Communicatidgniversity Louis
Pasteur, Strasbourg, France. Director: Prof. Ken Marshall.

199396: Ph.D. in Neurosciences, Department of Physioldgyersity Louis PasteyiStrasbourg, france.
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 fCadr e de fird manthsattSanofiReséarch, Montpellier, France.

1997-1999: Research Associate, Dept. of Pharmacology, University of Virginia.

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

2003-2005: Research Assistant Professor, Dept. of Anatomy & Neurobiology, University of Tennessee.

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

2008(July): Associate Professdifenure) 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 Haya©/22/2010

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

AFFILIATIONS

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

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

American Physiological Socief{).S.A.), member (1992005).

Société des Neurosciences (France), member {20023).

International Society for Autonomic Neuroscience, member (290R2).

Graduate Faculty of the University of Maryland Graduate School, member-22Q3).
WashingtorBaltimore Computational Neuroscience Interest Group, member {2003).
Graduate Faculty of the University Afkansas for Medical Scienc€&aduate School, membsince
2007.

HONORS & AWARDS

- 2010 Nominee, Educational Technology Excellence Aw@div. of Arkansas for Medical Sciences)
-20lO0No mi nee, nSecretaryo for the Association for
- April (2006): Young Investigator Award for Research in Olfactirize: $2000.

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

- Lebanon (1988.991): 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 tiifted cells coordinate olfactory bulb actwi(il|H RePORTERAbstrac).
The major goal of this project is t@tkrmine the role of external tufted cells in coordinating the activity of
glomerular interneurons and output mitral cells via chemical and electrical synapses.

2. R01 DC007876)2 (PI: Kathryn Hamilton) 04/01/20091 03/31/2012 2.00 calendar

NIH / NIDCD $41,400year

Role: Plon a sibcontract with_ouisiana State Unarsity.

T i t Coatributibn of EPL interneurons to olfactory processifiglH RePORTER Abshci).

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 ttfawtory discrimination.

3. RO1 NS02024€1 (PI: Edgar Garcirill) 12/01/2008i 11/30/2013 2.40 calendar
NIH / NINDS $250,000year
Role: Cal

T i t Ceatral Middulation of RhythndagNIH RePORTER Abstrayt
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The longterm objective of this project is to investigate the mechanisms controlling changes in state mediated
by brainstem, particularly mesopontine, mechanisms. The development of neuroctenticélof local,
ascending and descending pedonculopontine nucleus projections is the main area of study.

4. P20RR02014606 (PI: Edgar Garcidrill) 08/01/20091 04/30/2014 0.90 calendar
NIH/National Center for Research Resources $1,229,518/year

Role: ElectrophysiologyCore Director

T i t Ceater foRTranslational NeuroscienddllH RePORTER Abstragt

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

5.R01HL09710701: (PI: Sung Rhee 04/01/201603/31/2015 1.20 calendar
NIH/NHLBI $250,000year
Role col

Title: APSD95 srcak+# odha mme los(NIHReBOGRURRAbstra s i o n O

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 c
of cerebral arteries to optimizéobd flow to the brain.

6.231G1 1 3 5 4 3(Bli1Abdallah Hayar) 01/01/2009i 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 Noweltredimentfos moki ng dependence and relapseo.
The goal of this study is toetermine how repetitive trartganial 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)itle: AEEG
dipole source mapping in epilepsy and neurodegenerative digdeases | : Nai m |
Role: Mentor,$50,000 12/1/2008 7/31/2009.

2. R21DA02657701: (submitted @ 06/16/2008)PI: Hayar, 4.0 calendaNIH/NID A, T Madulagon of fi
brainstem cardiovascular neurons by drugs of addigtid#01/2009 i 03/31/2011,
Direct costs$375,0002 years.

3. R21INS063098)1A1: (submittedon 07/16/2008)PI: Hayar, 4.0 calendaNIH/NINDS, Title: fiProtecting
brain microcirculation duringxet r e me physi ol @®/QLR2%AII condi t
03/31/2011, Direct costs$375,0002 years.

4. RC1INS06865101: (submitted on 4/24/200®)I: Hayar,6.0 calendar, NIH/NINDS T iAnh Ultexfast fi
imagingmethod for monitoring blood flow in the cerebral microcircait ,i o n 0
10/012009-09/302011, Direct costs: 834,004 Total costs: 851,8082 years.

5. RC1AA01909801: (submitted on 4/24/2009)1: Hayar,6.0 calendar, NIH/NAAA, T iNedroeal A
circuit interations in a rat model of Fetal Alcohol Spectrum Disoeder 12008-0 1 /
09/302011, Direct costs: 333,793 Total costs: 846,4992 years

6. RC1AA01923801: (submitted on 4/24/200W)1: Kim Light, Role co-l, 2.4 calendar, NIH/NAAA, Title:
fiDynamic Visual Analsis of Purkinje Neuron Spine Plasticity in a Rat FASD Model
10/01/200909/30/2011, Direct costs:530,173 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@.0-06/30/205, Direct costs: $,250,000Total costs: $,812,0005 years.
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8. NSF1029249:  (submitted on 02/12/2M) PI: Hayat Role P1,4.0 calendarN S F,  Tradkihgehe
movement ofed blood cells in brain capillareg)7/01/201006/30/2012Direct costs:
$540910Total costs: $716,82D years.

9. RO1DCO00712307A1: (submitted on 07/02/201®)I: Hayar Role PI, 60 calendar, NIHXIDCD, Title:
A Kternal Tufted cells coordinate olfacydoulb activityp 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, Role-c{subaward with Mesolight Ing.)
0.5calendarN | H, Develdpraent offA Contrast Agefur Nearinfrared Deep
Tissue Imaging 03/01/201108/31/2011 Total costs: $150,006/months

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

Start up funds7/1/2006- 6/30/2®7.

2. Center for Translational Neuroscience Recruitment FundsDirect costs: $10000 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@Synchronous lnsting among
juxtaglomerular neurog CRISP _Abstragt

4239 G171 336481 0 1oSettemavitI-untisHayardRecruitment: 0 7/ 01/ 2008 1
06/30/2009, $150,000

PUBLICATIONS

Note: The fiveyearaverage impact factor and the number of ieech reference was citeglereupdated or9/222010

1. Pierce DRHayar A, Wiliams DK, Light KE (2010). Developmental Alterations in Olivary Climbing
Fiber Distribution Following Postnatal Ethanol Exposure in the Ratirosciencd 69:14381448.
(Abstrac) (PDF, 1753 KB. Impact factor: 3, cited O time.

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

3. Hayar A, Charlesworth AGarciaRill E (2010). Oocyte triplet pairing for electrophysiological
investigation of gap junctional couplinggNeurosci 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 projex) neuronsJ Neurophysiol03:24172432.(Abstrac) (PDF, 5388
KB). Impact factor: 38, cited 1 time.

5. Dong HW,Hayar A, Callaway J, Yang X4, Nai Q,Ennis M(2009)Group | mGluRactivationenhances
Ca2+dependenhonselectivecationcurrents anahythmic bursting inmain olfactory bulb externaltufted
cells. J Neuroscienc29:1194311953 (Abstract)(PDF,1836KB). Impact factor:7.9, cited 1 time.

6. Heister D,Hayar A, GarciaRill E (2009) Cholinergic modulation of GABAergand glutamatergic
transmission in the dorsal Subcoeruleus: mechanisms for REM sleep cBlatepB2:11351147.
(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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8. Ye M, Hayar A, GarciaRill E (2009) Cholinergic responses and imsic membrane properties of
developing thalamic parafascicular neurahbleurophysiol02:774785. (Abstract)(PDF,3485KB)
Impact factor: 3, cited 1 time.

9. Nai Q, Dong HWHayar A, Linster C, Ennis M200) Noradrenergicegulation of GABAergic
inhibition of main olfactory bulb mitral cells varies as &unction ofconcentration andeceptorsubtype J
Neurophysioll01:24722484.(Abstract)(PDF,1033KB) Impact factor:3.8, cited 6 times.

10.Hayar A, Gu C, AlChaer ED (2008) An improved nhetd for patch clamp recording and calcium
imaging of neurons in the intact dorsal root ganglion in dabéeurosci Method$73:7482. (Abstract)
(PDF,943KB). Impact factor2.5, cited 1 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 11 times.

12.Karpuk N,Hayar A (2008) Activation of postsynaptic GA®B receptors modulates the bursting pattern
and synaptic activity of olfactory bulb juxtagherular neuronsl Neurophysio99:308319. (Abstract)
(PDF,322KB). Impact factor:3.65 cited 3 times.

13.GarciaRill E, HeisterDS, Ye M, Charlesworth AHayar A (2007)Electrical coupling: novel mechanism
for deepwake controlSleep30:14051414.(Abstract)(PDF,217KB). Impact factor4.47, cited 19
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 factor:3.8, cited4
times.

15.Dong HW,Hayar A, Ennis M(2007)Activation of metabotropic glutamate receptors (mGIuRs) enhances
synaptic inhibition of olfactory bulb mitral cells (MCs) via actions on GABAergic interneurons in the
glomerular layer (GLand granule cell layer (GCL).Neuroscienc27:56545663 (Abstract)(PDF, 3304
KB). Impact factor:7.9, cited 8 times.

16.Heister DSHayar A, Charlesworth A, Yates C, Zhou YH, Gar&dl E (2007)Evidence for electrical
coupling in the SubCoeruleus (SubC) nucleusleurophysio97:31423147. (Abstract)(PDF,222KB).
Impact factor:3.8, cited 16 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 jaxfiomerular cellsNeurosciencd42:203221.(Abstract)
(PDF,1454KB). Impact factor: 3.5cited 11 times.

18.Ennis M, Zhu M,Heinbockel T Hayar A (2006) Olfactorynerve-evoked, metabotropiglutamate
receptormediatedsynapticresponses rat olfactory bulb mitral cells. J Neurophysiol95:22332241.
(Abstract)(PDF,408KB). Impact factor:3.8, cited 10 times.

19.Hayar A, Bryant JL, Boughter JD, Heck DH (200&)low-cost solution to measure mouse licking in an
electrophysiological setup with a standard anafedigital converterJ Neurosci Method$53:203207.
(Abstract)(PDF,309KB). Impact factor2.5, cited 7 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 33 times

21.Hamilton KA, Heinbockel T, Ennis M, Szabo G, ErdelyiHgyar A (2005) Properties of external
plexiform layer interneurons in mouse olfactory bulb sliéésurosciencd 33:819829 (Abstract)(PDF,
544 KB). Impact facto: 3.5, cited 14 times.
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Abdallah Haya©/22/2010

22.Hayar A, Karnup S, Ennis M, Shipley MT (2004b) External tufted cells coordinate ghbraerular
circuit activity. J Neuroscienc24:66766685(Abstract)(PDF, 989 KB. Impact factor7.9, cited 63
times

23.Hayar A, Karnup S, Shipley MT, Ennis M (2004a) Olfactory bulb glomeruli: externadutells
intrinsically burst at theta frequency and are entrained by patterned olfactorylimjriroscience
24:11901199(Abstract)(PDF, 526 KB. Impact factor:7.9, cited 55 times

24.Aungst JL, Heyward PM, Puche AC, Karnup $\gyar A, Szabo G, Shipley MT (2003) Center
surround inhibition among olfactory bulllogneruli. Nature 426:623629 (Abstrac) (PDF, 798 KB.
Impact factor32.9cited 138 times

25.Guyeret PG, Stornetta RL, Schreihofer AM, Pelaez NlMyar A, Aicher S, LlewellyaSmith 1J (2002)
Opioid signalling in the rat rostral ventrolateral medullin Exp Pharmacol Physi@9:238242. Review.
(Abstract)(PDF, 58 KB. Impact factor2.1, cited 22 times

26.Ennis M., Ztou FM., Ciombor KJ, AroniadotAnderjaska VHayar A, Borrelli E, Zimmer LA.,
Margolis F, Shipley MT (2001) Dopamine D2 Recepitediated Presynaptic Inhibition of Olfactory
Nerve TerminalsJ Neurophysio86:29862997.(Abstract)(PDF, 195 KB Impact factor:3.8, cited 97
times

27.Hayar A, Heyward PM, Heinbockel T, Shipley MT, Ennis M (2001) Direct excitation of mitral cells by
activation of alphatadrenergic receptors in rat olfactory bulb slicesleurophysio86:21732182
(Abstract)(PDF, 199 KB. Impact factor3.8, cited 28 times

28.Hayar A, Gwenet P (2000) Prototypical imidazoldereceptor ligand moxonidine activates alpha2
adrenoceptors in bulbospinal neurons of the RVNeurophysio83:766776 (Abstract)(PDF, 256 KB.
Impact factor:3.8, cited 11 times

29.Hayar A, Guyenet P (1999) AlphaRdrenoceptoimediated presynaptic inhibition in bulbospinalinons
of rostral ventrolateral medullam J Physiol: Heart and Circulatory Physioldjg7:H1069H1080
(Abstract)(PDF, 457 KB. Impact factor: 3.7cited 4 times

30.Hayar A, Guyenet P (1998) Presynaptic and postsynaptic effects of methenkephalin on identified
bulbospinal neurons of the RVIL.Neurophysio80:20032014(Abstract)(PDF, 319 KB. Impact factor:
3.8, cited 40 times

31.Hayar A, Poulter MO, Pelkey K, Feltz P, Marshall KC (1997) Mesencephalic trigeminal neuron
responses to gamraaminobutyric acidBrain Resr53:120127 (Abstract)(PDF, 678 KB. Impact factor:
2.5, cited 22 times

32.Hayar A, Feltz P, Piguet P (1997) Adrenergic responses in silent aatiyeuinhibitory pacemakeike
neurons of the rat rostral ventrolateral medulla in vitteuroscienc&7:199217 (Abstract)(PDF, 722
KB). Impact factor: 3, cited 11 times

33.Jung M, Michaud JC, Steinberg R, Barnouin NHayar A, Barnouin MC, Mons G, Souilhac J, Emonds
Alt X, Soubrie P, Le Fur G (1996) Elecphysiological, behavioural and biochemical evidence for
activation of brain noradrenergic systems following tachykinin NK3 receptor stimulbtimoscience
74:403414 (Abstract)(PDF, 356 KB. Impact factor: 3, cited 36 times

34.Hayar A, Piguet P, Felt P (1996) GABAInduced responses in different electrophysiologically identified
neurons in the rat rostro ventrolateral medleain Res709:173183 (Abstract)(PDF, 1149 KB.
Impact factor: 2, cited 8 times
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BOOK CHAPTERS

35.Ennis M, Hamilton KA ,Hayar A (2007)Neurochemistry of the main olfactory systdm,Handbook of

Neurochemistry and Molecular Neurobiolo@/ Edition (Lajtha A, Editorin-Chief), Vol. 20,pp 137

204,Sensory Neurochemistry [@ason DA, Volume Editor)Heidelbeg: 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 Westheimer, editbesSenses: A Comprehensive Reference, Vol 4,
Olfaction and Taste, Stuart Firestein and Gary K. Beauchamp. San Diego: Academic Press6pf. 641
(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), gpt1lNova Science Puishers Inc., New
York. (PDF,1288KB).

PUBLICATIONS (IN PREPARATION)

38.Hayar A, Light KE, Pierce DR (200) Coincident inhibitory inputs induce synchronized pauses in the

firing of Purkinje cells J Neuroscienc@n preparation).

39.Hayar A (2010) Centersurround interactions among neighboring olfactaulp glomeruli revealed by

optical imaging of the spatiotemporal propagation of spontaneous population attNéyrosciencén
preparation).

40.JeradefBoursoulian FHayar A (2010) Ethanol Reduces Olfactory Bulb Output by Reducing Excitatory

Drive to Mitral/Tufted Cells J Neurophysiologyin preparation).

MEETING ABSTRACTS AN D POSTERS

1.

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

Hayar A, Poulter MO, Felt®?.y-Aminobutyric acid responses in different electrophysiologically
characterized neurons within the rat rostral ventrolateral madulizro. (24th Annual Meeting of the
Society for Neurosciencé)iami, November 1994).

Hayar A, Feltz P. Réponses prémostsynaptic GABAergiques dans le noyau rostral ventrolatéral
bulbaire de rain vitro. Societé des Neurosciencésgnce, Lyon, May 1995).

Hayar A, Piguet P, Poulter MO, Feltz P. Monophasic and multiphasic GABA responses in neurons of the
rat rostral vatrolateral medullan vitro. (25th Annual Meeting of the Society for Neuroscieri®an
Diega November 1995).

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

Hayar A, Feltz P, Piguet P. Adrenergic responses in silent and putative inhibitory pacdikeakeurons
of the rat rostral ventrolateral medultavitro. (Eurgoean Neuroscience Meetirfgrance, Strasbourg,
September 1996).

Hayar A, Piguet P, Schlichter R. Properties of irregular firing neurons in the rostral ventrolateral medulla
in vitro and possible involvement in sympathoexcitatory function. (26th Annualimdeet the Society for
Neuroscience\Washington D.C, November 1996).
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8. Hayar A, Guyenet P. Prand postsynaptic inhibitory actions of methiorergkephalin on identified
bulbospinal neurons of the rat rostral ventrolateral medulla. FASEB Journal 12 (8P4 Suppl. S
MAR 20, 1998. (Experimental Biology Meetin§an Franciscq April 1998).

9. Hayar A, Guyenet P. Presynaptic effects mediated by akgitli@noceptors in the rat rostral
ventrolateral medullan vitro. (28th Annual Meeting of the Society filleuroscience,.os Angeles
November 1998).

10.Hayar A, Guyenet P. Tyramine releases predominantly serotonin in the lower brainstem of neomate rats
vitro. FASEBJournall3 (4): A473A473 Part 1 Suppl. S MAR 12, 199@Vashington D.C., April
1999).

11.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 Neurosci®hag)i, October
1999).

12.Hayar A, Shipley MT, Ennis M. Direct excitation of mitral celig activation of alphahdrenergic
receptors in rat olfactory bulb sliceSgrasotg April 2000).

13.Hayar A, Shipley MT, Ennis M. Norepinephrine excites mitral cells by activation of alpdednergic
receptors in rat olfactory bulb slicddogram# 45.330th Annual Meeting of the Society for
NeurosciencelNew Orleans November 2000Abstrac).

14.Karnup SV,Hayar A, Ennis M, Shikey MT. Morphology & Physiology of juxtaglomerular (JG) cells in
rat main olfactory bulb (MOB)Program# 623.831st Annual Meeting of the Society for Neuroscience,
San Diegq November 2001Abstrac).

15.Heinbockel T Hayar A, Laaris N, Shipley MT, Ennis M. Metabotropic glutamate receptors shape
neuronal excitability and synaptic responsiveness in mouse olfactory bulbRimgmm# 623.531st
Annual Meeting of the Society for NeuroscienSen Diegg November 2001Abstrac).

16. Aungst J, KarnuV, Hayar A, Shipley MT, Puche AQnterglomerular circuits in the main olfactory
bulb. Program# 561.1082nd Annual Meeting of the Society for Neuroscieri@dando, November
2002,Abstrac).

17.Hayar A, Heinbockel T, Karnup S, Ennis M, Shipley MT. Activation of metabotropic glutamate
receptors enhances synaptic interactions among juxtaglomerular neurons in olfactory butbliglome
Program # 168.433rd Annual Meeting of the Society for Neuroscierideyw Orleans November 2003,
Abstrac).

18. ShipleyMT, Karnup S, Ennis MHayar A. Olfactory bulb external tufte(ET) cells provide
monosynaptic excitatory input to periglomerular (PG) and short axon (SA)Rmligram# 489.1433rd
Annual Meeting of the Society for Neurosciensiew Orleans November2003,Abstrac).

19. Hamilton KA, Heinbockel THayar A, Szabo G, Erdelyi F, Ennis M. Functional properties of
interneurons irthe external plexiform layer of the olfactory butrogram# 821.733rd Annual Meeting
of the Society for Neuroscienddew Orleans November 2003Abstrac).

20.Li C, Hayar A, Smith DV. Patckclamp recording of medullary taste neurons identified by retrograde
labeling from the pon®2rogram# 594.833th Annual Meeting of the Society for Neuroscieridew
Orleans, November 203, Abstrac).

21.Hayar AM, Ennis M. Activation of metabotropic glutamate receptors (mGIuRs) enhances bursting in
externaltufted cells of the olfactory bul?rogram# 412.1134th Annual Meeting of the Society for
NeuroscienceSan Diegg October 2004Abstrac).

22.Hayar A, Shipley MT, Ennis M. The bursting of olfactory bulb external tufted (ET) cells is coordinated
by synaptic and gap junction currents. (27th Annual Meeting of the Association for Chemoreception
SciencesSarasotg April 2005, Abstrac).
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23.Hayar A, Ennis M. Activation of metabotropic glutate receptors (mGIuRs) enhances bursting in
external tufted cells of the olfactory bulb. (27th Annual Meeting of the Association for Chemoreception
SciencesSarasotg April 2005, Abstrac).

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

25.Hayar AM, Shipley MT, Ennis M. The activity of olfactory bulb external tufted cells (ET) is
synchronized by variauintraglomerular connectionBrogram# 614.1¢35th Annual Meeting of the
Society for Neuroscienc&yashington DC, November 2005Abstrac).

26.Dong HW,Hayar A, Ennis M Activation of metabotropic glutamate receptors (mGIluRs1) in the
glomerular layer (GL) and granule cellyer (GCL) of the olfactory bulb enhances synaptic inhibition of
mitral cells (MCs) (28th Annual Meeting of the Association for Chemoreception Sci&aesptg April
2006) Chemical Senses Volume: 31 Issue: 5 Pages:X@BPublished: JUN 2006

27.Karnup SV Hayar A, Shipley MT, Kurnikova MG Spontaneous glomerular field potentials in slices of
the olfactory bulb. (36th Annual Meeting of the Society for Neuroscigkitanta, October 2006,
Abstrac). Program#42.7 Poster#P8.

28.Dong HW, Hayar A, Ennis M Activation of metabotropic glutamate receptors (mGIuRs) enhances
synaptic inhibition of olfactory bulb mitral cells (MCs) via actions on GABAergic interneurons in the
glomerular layer (GL) and granule cell layerG3. (36th Annual Meeting of the Society for
NeuroscienceAtlanta, October 2006Abstrac). Program# 542 ,3Poster#P6.

29.Ennis M, Shipley MTHayar A. Glomeruli: dynamic portals into the olfactory brain. Aroan
Association of Anatomist8)/ashington DC, April 28 - May 2, FASEB Journal 21 (5): A8A84 APR
2007,

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

31.Hamilton KA, Ennis M,Hayar A. Interneuron EPSC bursts are correlated with tufted cell spike bursts in
the superficial external plexiform layer thie olfactory bulb. (29th Annual Meeting of the Association for
Chemoreception Sciencesarasotg April 2007).

32.Dong HW, Hayar A, Ennis M . mGIuR1 Activation Enhances Nonselective Cation Currents and
Rhythmic Bursting in External Tufted (ET) CeliShemicdSenses 31 (5): A6868 JUN 2006 (29th
Annual Meeting of the Association for Chemoreception Sciei®assotg April 2007).

33.Heister D,Hayar A, GarciaRill E. Electrical coupling in whole cell recorded SubCoeruleus neurons.
Associated Professional Sfe8ocieties (APSSEleep 30: A10A11 Suppl. SMeeting Abstract: 30
Minneapolis, June 2007.

34.Hayar A, Heister D, Garcidill E. Carbachol induces synchronization of IPSCs at theta frequency in
whole-cell recorded SubCoeruleus neurons. Associated ProfakSileep Societies (APSSleep 30:
A12-A12 35 Suppl. Minneapolis, June 2007.

35.Karpuk N,Hayar A. Activation of postsynaptic GABAreceptors directly modulates the bursting pattern
and synaptic activity of olfactory bulb juxtaglomerular neur@¢8%th Amual Meeting of the Society for
NeuroscienceSan Diegg November 2007).

36.Hayar A. Spontaneous population activity revealed by calcand voltagesensitive dyes in the neuropil
of olfactory bulb glomeruli in vitro(37th Annual Meeting of the Society fdleuroscienceSan Diego
November 2007).

37.Al-Chaer ED, Gu CHayar A. An improved method for patch clamp recording of neurons in the intact
dorsal root ganglion (DRGJ37th Annual Meeting of the Society for Neuroscierigan Diegq
November 2007).
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38.Dong HW,Hayar A, Ennis M. Activation of Group | mGluRshanceshythmicbursting and
nonselectivecation currents inolfactory bulb externaltufted cells. (37th Annual Meeting of the Society for
NeuroscienceSan Diegg November 2007).

39.Nai Q, Dong HWHayar A, Linster C, Ennis M. Activation af1 anda2 noradrenergic receptors
differentially regulate GABAergic inhibition of mitral cells in the main olfactory b(#th Annual
Meeting of the Society for Neuroscien&gn Diegg November 2007).

40.Heister D,Hayar A, GarciaRill E. Differentiating SubCoeruleus neurons by responses to carbachol and
developmental changes in resistar{@&th Annual Meeting of the Society for Neuroscierigan Diegq
November 2007).

41.Ye M, Hayar A, GarciaRill E. Electrical Coupling in R#unculopontine (PPN) Nucleus Neurons. (37th
Annual Meeting of the Society for NeuroscienSen Diegg November 2007).

42.Burkovetskaya MHayar A, Karpuk N, Kielian T. Characterization of Astrocyte Activation in Acute
Brain Slices from Mice Harboring Brainb&cesses. (American Society for Neurochemistry (ASN) annual
meeting,San Antonio, March 2008)J Neurochemistry Volume: 104 Pages:38Supplement: Suppl.1
Published: MAR 2008.

43.Heister D,Hayar A, GarciaRill E. Cholinergic modulation of fast excitatorgcinhibitory input to the
dorsal subcoeruleuSleepVolume: 31 PagesA10-A10 SupplementSuppl. SMeeting Abstract31
Published2008

44.Nai Q, Dong HWHayar A, Linster C, Ennis M. Noradrenergic modulation of GABAergic inhibition of
main olfactory bulb ntral cells. Chemical Senses Volume: 33 Issue: 8 Pages-S133 Published: OCT
2008

45.Hayar A, Centersurround interactions among neighboring olfactory bulb glomeruli revealed by optical
imaging of the spatiotemporal propagation of spontaneous populativitya(38th Annual Meeting of
the Society for Neurosciencé/ashington DC, November 2008).

46.Pierce DRHayar A, Wiley CA, Light KE. Rat Purkinje cells that survive postnatal ethanol exposure are
altered morphologically and physiologically. (32nd Annuadiing of the Research Society on
Alcoholism, San Diegg June 2009)AlcoholismClinical and Experimental Research, Volume: 33 Issue: 6
Special Issue: Sp. Iss. S1 Pages: 1688A.

47.Hayar AM, Light KE, Pierce DR. Coincident inhibitory inputs induce syodized pauses in the firing of
Purkinje cells (39th Annual Meeting of the Society for NeuroscieBbeago, October 2009Abstrac).
Program # 622.3Foster # F4.

48.Ye M, Hayar A, Strotman B, Garci®ill E. Cholinergic modulation of fast synaptic transmission of
pedunculopontine thalamic projecting neurons (39th Annual Meeting of the Society for Neuroscience,
Chicago, October 2009Abstrac). Program # 375.16, Poster # FF16

49. JeradefBoursoulian FHayar A. Ethanol Reduces Olfactory Bulb Output by Reducing Excitatory Drive
to Mitral/Tufted Cells (3% Annual Meeting of the Association for Chemoreception Sciergtes,
Petersburg, Horida, April 2010)

50. Yadlapalli K,Hayar AM , Al-Chaer ED. Differential Effects of ATP on the Electrophysiological
Properties of Postsynaptic Dorsal Horn Neurons in the Rah @fiual Meeting of the Society for
NeuroscienceSan Diegg November 2010, Abstract)

SEMINAR PRESENTATION S
Local seminars
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01/25/2007 Presentatiofor candidacy for joint appointment at the Dept. of Physiology and Biophysics.
Titl e: A Sy noa ant gap junttiona syischnongesthe burstingiagof olfactory
bulb neurong

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

06/15/2007: Training seminar for CTN summer studen. T i ttolrexzard frorksingle neuro®s
05/ 20/ 2008: Dean6s Research Forum. Title: MANeuro

05/22/2009Tr ai ning seminar for CTN summeClampt udent s. T
Electrophysiology in Bain Slice®

03/ 18/ 2010: Dept . of PAicahohnduced alterationa ih ceieleliarecincoite s . T i

09/27/2010: Center for Translational Neuroscience, #8ymposium on Transcranial Magnetic Stimulation.
Titl e: ATMS i nnwtesdigations in rode

National seminars

1. Hayar A, Guyenet P. (Slide talk) Pqand postsynaptic inhibitory actions of methiorerkephalin on
identified bulbospinal neurons of the rat rostral ventrolateral medulla. (Experimental Biology M&eting,
Francisco, April 1998).

2. Hayar AM, Karnup S, Shipley MT, Ennis MS(ide tall Synchronous activity among juxtaglomerular
neurons of the rat main olfactory bulb (MOB) in eitiProgram# 459.831st Annual Meeting of the
Society for Neuroscienc&an Diegg November 2001).

3. Hayar A. (Seminar)Pre and postsynaptic inhibitory actions of methiorerkephalin and norepinephrine
on identifiedbulbospinal neurons of the rat rostral ventrolateral medulla. (Univ. of Wyoiremginie,
June 2002).

4. Hayar A. (Seminar)Synchronous bursting among juxtaglomerular neurons of the olfactory bulb is
mediated byynaptic and nosynaptic interaction®evelopmental Neural Plasticity Unit, NINDSIIH,
Bethesda June 2003).

5.,HayarA.l nvit ed speaker for the fASatellite symposi
(CNS*04) 0 J ul y Baltithgre. 2 0 0 4,

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

International seminars

07/01/1996Hayar A. GABAergic and noradmergic responses in the rat rostral ventrolateral medulla (RVL)
in vitro: Relevance to cardiovascular regulation and vasomotor rhythmogenesis. International
School for Advanced StudieSISSA), 2-4, via Beirut,Trieste, Italy.

09/02/2010:Hayar A. Neuronal Interactions and Synchrony. Invited talk atBasic Medical Science
Departments and Biology DepartmgAmerican University of BeirutBeirut, Lebanon.
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RESEARCH TECHNIQUES AND EXPERTISE

- Autoradiograph in rat brain slices

- Intracellular pH measurement by miefftaorimetry using the BCECF probe

- Intracellular dye labeling

- Immunocytochemical staining fordmytin and tyrosine hydroxylase

- In situ hylridization (GABA mRNA subunits)

- Intracellular, extracellar and field potential recordings limainslices

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

- Analysis of the properties of evoked, spontaneous, and miniature postsynaptic conediated by
glutamate and GABA

- Reordings from bulbospinal neurons identified with retrograde tracing of fluorescesirggcted in the
spinal cord

- Simultaneous wholeell recordings from pairs ofirons in olfactory bulb slices
- Auto- and crosscorrelation analysiof spike trainsrad waveforms

- Calcium and voltagsensitive gle imaging, confocal microscopy

- Ultraviolet light laser uncagg of glutamate in brain slices

- Laser Doppler mesurement of cerebral blood flow

- High speed spinning disk comfal microscopy at 2000 frames/s

TEACHING

¢ 19921996: Experience in training graduate students for electrophysiological techniques at the Univ. Louis
Pasteur, France.

¢ 2001-:2003: Teaching in Medical Neuroscience courses at the Univ. of Maryland: The role of the RVL in
hypertension, synajtphysiology, synaptic communications in glomerular circuits.

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

¢ 08/18/2006: Neurosurgery Lecture Series/Grand Rounds, Olfactory System.

e 08/25/2006: NeurosurggLecture Series/Grand Roundéguroreceptors.

¢ 08/28/2006- 12/11/2006Physiology Journal Club Series: supervise 8 student presentations
¢ 09/06/2006: Systems Neuroscience (NBDS 5153), Neurotransmitters I.

¢ 09/08/2006: Systems Neuroscience (NBDS 5153), dteamsmitters II.

e 09/11/2006: Systems Neuroscience (NBDS 5153), Channels and Currents |I.

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

¢ 10/27/2006: Systems Neuroscience (NBDS 5153), Olfactory system.

¢ 01/12/2007: Medical Neuroscies, Neurotransmitters |, Neurotransmitters II.
¢ 04/03/2007: Cellular & Develop. Neurosci. (NBDS 5103), Membrane Potential and Action Potential.
e 04/12/2007: Cellular & Develop. Neurosci. (NBDS 5103), Postsynaptic Potentials and Synaptic Integration

¢ 03/06/208: Cellular & Develop. Neurosci. (NBDS 5103), Membrane Potential and Action Potential.
¢ 03/07/2008: Medical Neuroscience, Neurotransmitters I, Neurotransmitters II.
¢ 04/03/2008: Cellular & Develop. Neurosci. (NBDS 5103), Postsynaptic Potentials and Symiaggiation.

e 03/05/2009: Medical Neuroscience, Neurotransmitters |I.
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¢ 03/06/2009: Medical Neuroscience, Neurotransmitters II.
¢ 03/30/2009: Cellular & Develop. Neurosci. (NBDS 5103), Postsynaptic Potentials and Synaptic Integration
¢ 04/06/2009: Cellular & Bvelop. Neurosci. (NBDS 5103), Cellular and Developmental Aspects of

Olfaction.

e 02/22/2010: Cellular & Develop. Neurosci. (NBDS 5103), Membrane Potential and Action Potential.

¢ 03/05/2A@0: Medical Neuroscience, Neurotransmitters I.

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

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

e 04/09/2010: Cellular & Develop. Neurosci. (NBDS 5103), Cellular and Developmental Aspects of
Olfaction.

¢ Medical Neurosence NeuroAnatomy Lab: Labl: 3/2/10 (Whole Brain), Lab2: 3/3/10 (Half Brain), Lab3:
3/8/10 (Gross Brain Steml.ab4: 3/16/10 (Spinal Cord), Lab5: 3/30/10 (Internal Medulla), Lab6: 4/6/10
(Internal Pons and Midbrain), Lab7: 4/21/10 (Coronal Sections),:l4B8/10 (Neuroradiology), Lab9:
4/28/10 (Motor System), Lab10: 4/28/10 (Upper Brain Stem)

¢ Medical Neuroscience Clinical Conferences: CC1: 3/17/10 (Spinal Cord Diseases), CC2: 4/5/2010 ( Brain
Stem Diseases), CC3: 4/16/10 (Vision System), CC4: 4/30/b@ofMDiseases), CC5: 5/7/10 (Higher Brain
Diseases)

¢ 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 enrolled, 7 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 Hayar

electrophysiology and imaging experiment
11 Fri | 7/9 | Article presentation I: Electrophysiology Hayar
12 Mon | 7/12 | Article presentation II: Imaging Hayar
13 Wed | 7/14 |Ex am and student so Hayar

Course Description: This condersed 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 describes
several methods for recording and analyzing neuronal activity usidgrmoechniques such as patch

clamping and imaging neuronal networks using caleiana voltagesensitive dyes. The course is to be taught
annually in Junguly, during a Yweek period on Tuesdays and Thursdays. It consists of 12 sessions: 9
lectures (80 mn each), 1 laboratory demonstration (80 min) and 2 article presentations (80 min each) by the
instructor.The goal of the course is help graduate and medical students pursuing a career in neuroscience
or neurology to become familiar with the cuttinggedechnique for monitoring brain activity

Course Objectives:
A To recognize and know the functions of major electrophysiological recording devices.
A To be able to describe the significance and organization déetnaphysiological laboratory.
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A To know howto design electrophysiology setups and experimental prottxoisestigate brain
activity.
A To be able to articulate the basic theoretical underpinnings of techniques currentiyr useditoring
_ brain activity.
A To enhance the ability to critically agaé journal articles related to the fields of electrophysiology and

imaging.
eOn January, 2011, I will also assume the Direct
and Devel opment al N-eredit mw courserisaeged for all Nebrossiende lracle e

graduate students and is a prerequisite for the Medical Neuroscience course. The current Director, Dr.
Davies, is assuming the directorship of the Microscopic Anatomy course, as well as teaching in Gross
Anatomy and being aduate Program Director. Thigll help the Department to keep a critical course, and
greatly expands my teaching responsibilitlesvill also allow me to contribute to the Department teaching
mission at a time when we are 4 faculty slots short.

MENTORING AND TRAINING

Mentoing and traimng for electrophysialgical techniques the following:
¢ 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)

¢ Researclassistants
- Parul Son(4/1/2006i 3/1/2008)
- Maria Burkovetskay#11/1/2006i 6/30/2008)
- Madhvi Patel (5/10/2000 8/1/2009)
- Julius Franz (8/1/20005/15/2010
- Krishnapraveen Yadlapa(8/1/2008i present)
- Margarita Escoved{b/10/20091 present
- Stephanie Mya(8/2/201071 presen

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

e Medical students
- JamesScott Stead (5/17/20107 8/1/2010)

¢ High school students
- Brennon Luster (6/11/20076/22/2007)
- Shaterrica Dawson (6/11/2007/6/22/2007)
- Michael Smith(6/1/201071 8/6/2010)
- Konstantin Gruenwal{6/1/20107 8/13/2010)

ADIMINISTRATION AND _SERVICE
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COMMITTEE S

e Member of the Strategic Planning Committ€dndir ofResearctsubcommittepof the Dept. of
Neurobiology & Developmental Sciences (8/20/2008/31/2008)

e Member of theRecruitmentCommittee of the Dept. of Neurobiology & Delepmental Sciences
(5/7/2009i present

e Member of the Dept. of Neurobiology & Developmental Sciences Gradulisory Committee
(9/1/2009i present)

e Member of the Institutional Animal Care and Use Commit7@&/2010preseny

e Member ofthesis committee ohe following graduate stuahts:

- David Heister Dr. EdgarGarciaRi | | 6s Lab, ¢ and grddaated oned=H2008 4/ 1 2/
- Meijun Ye QOr. EdgarGarciaR i | | pcanditlaaylexam: 10/2/200graduated on 4/21/20P9
-KyongminKim@©r.Z. Ji mmy Zhou0s B/#RQ07)candidacy exam:
-Hamdan Hamdan (Dr. Patricia W ghtos Lab, candi
- JenniferWatts (Dr. Elie AIC h a d.abpcandidacy exam: 5/26/2009)

- Christen Simon (Dr. Edgar Garddi | | pcandidaaylexam: £8/2010)

- Nebojsa Kezunovic (Dr. Edgar G@Ri | | 6s Lab)

- Martin Watts (Dr. Elie AIC h a e r gcandidaey exan®/192010)

GRANTS REVIEW

e 2010:NIH Study Section: Ad hoc reviewer for thlTRCA Neur ot r ansporters, Re
Calcium Signaling Study Sectiono at the NIH

e 2010:NIH Study Section: Ad hoc reviewefor RO3 Chemical Senses review meetiNgtional Institute
on Deafness and Other Communication Disorders Special EmphasigZtx0&ISRBR (37)

| revised, made suggestions and/or helped in providing preliminary data fofiakenip grants

at UAMS

-Dr. Z. Jimmy Zhou: RO1 EY010894 1, Ti t |l e: APhysiology of the verl

- Dr. Elie Al-Chaer: RO1 DKO77738 1, Ti tl e: AiSex Hor mone &undedod Vi sc
4/1/2008

- Dr. Jeffrey Kaiesr5 RO1NS060674, Title: fAPhysiological Di st
Intraventricular Hemorrhage". Funded on 6/1/2008

- Dr. Edgar GarciRill: RO1 NS02024&2 2, Ti t | e: ACent r alundedand2/R0& i on ¢

- Dr. Nancy Rusch: ROIHLO%260 1 A1, T i -teimeéAntihyfektensivg Therapy by Delivery of the BK
Channel Gene to VSMCso. Funded on 5/5/ 20009

a the Univ. of Tennessee

- Dr. FUMing Zhou R01 DA02119401A2, T iNbrttransporier cocaine mechanisms in dopamine
systeno . F owmod3&/2007

- Dr. Hongwei Dong: RO3 DC00904® 1, Ti t | -®ependeatdladtidityof Serysory Synapses in the
Ol factory Bulbo. Funded on 7/ 1/ 2007

- Dr. Matthew EnnisR01DC0031958L 1, Ti t | e: AMet abotropic Glutamat
Funded on 1/1/2007

REQUESTED REVIEWER FOR THE FOLLOWING JOU RNALS:

- Journal of Neuroscience
- Journal of Neurophysiology
- British Journal of Pharmacology
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- Molecaular and Cellular Neuroscience

- Journal of Neuroscience Methods

- Neuroscience Letters

- Public Library of Science (plos.org)

- Canadian Journal of Neurological Sciences

WEBMASTER

- Since July 20061 am the vebmaster andesponsible for updating the following websites

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

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

- Since September 2010, | volunteered to becasnengstrator of a SharePoint blaite for the
fNeuroscience Magnet Groapstablished by the Dean of Medical School to enhance collaborative research
http://sharepoint.uams.edu/Divisions/neuromagnet

SEMINAR ORGANIZER

- Responsible foorganizing andgcheduling th&€enter of Translational Neuroscienegslthe Dept. of
Neurobiology & Develpmental Scienceseminarssince8/1/2007
http://www.uams.edu/neuroscience_cellbiology/seminars_events

TROUBLESHOOTING COMP UTER HARDWARE AND SO FTWARE

- Custom building higkend @mputers 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, Photoscafiry Video Converter

- Programming Languages:Visual Basic, Visual C++, Origin C and Labtalk Script langua@éginLab,
MatLab

- Internet: Webpage design (see my websitg://hayar.ngt Personal Web Server, FTP Server, Netscape
Composer, Frapage, Microsoft Expression Web

- SAP user since 11/16/2006.

- Online grant submission (Grants.gowdarouting (ARIA)

PRESS RELEASE AND PLWBLICITY

UAMS News BureauOffice of Communications & Marketing, 4301 W. Markhar830, Little Rock, AR
722057199

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

2- UAMS Researchers Identify Sle&jgake Controls with Implications for Coma Patients and Those Under
Anesthesia. Julg0, 2007.
http://www.uamshealth.com/?id=2849&sid=1

3- Brain MechanisntCould Be Key to New Stimulants, Anesthetidsine 2, 2010
http://www.uamshealth.com/News/Default.aspx8i849&sid=1&nid=8818
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SUMMARY OF MAJOR ACHIEVEMENTS AND FUTURE PLANS
Please visit my websitettp://hayar.net for the most updated information

National award and recognition

| was awarded in rR@O0lenv det nALthemSAwaud f or
Association for Chemoreception Sciences (AChemS), an international association that advances
understanding of the senses of taste and smell. The award is given annually to an outstanding justor scient
who is an emerging leader in the field of olfaction, and whose research record provides evidence of excellenc
and contributions that have had or are likely to have a major impact on research in the field of olfaction. | wa:s
given this award$2000)because haveplayed an important role in promoting chemosensory research by
advancing our knowledge of olfactory bulb neurophysiology. My research project constitutes an essential ste
to our understanding of olfactory input processing at the level gjitimeeruli and it helps us to unravel the
fundamental network mechanisms responsible for encoding and processing sensory infdmQio.|
was a oemineefor thefi S e ¢ r positem agthee Association for Chemoreception Sciences (AChemS)

Re s

Funding
Thefollowing table summarizes my funding since my recruitment at UAMS on 1/1/2006:
WBS# Grant# (PI) Date Budget period Amount Amount Amount
released Direct Indirect Total
211 G130450699-E 7R03DC0063584 (Hayar) 03/31/06 05/01/0604/30/07 48,825.00 20,50700 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 G130450699-E 7R03DC0063582 (carry forward)  05/04/06 3,825.37 1,606.65 5,432.02
211 G13044999-E 7R01DC0071236 (Hayar) 06/1209 07/01/0906/30/10 187,171.00  78,612.00 265,783.00
211 G13044999-E 7R01DC0071235 (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  79,647.00 269,283.0
211 G13044999-E 5R01DC0071233 (Hayar) 05/10/06 07/01/0606/30/07 195,300.00 82,026.00 277,326.00
211 G13044999-E 7R01DC0071232 (carry forward)  05/04/06 2,984.67 1,253.56 4,238.23.00
211 G13044999-E 7R01DC0071232 (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 07/01/0806/30/09 150,000.00 0.00 150,000.00
239 G13159501-E Tobacco fund (Recruitmeni) 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 R01DCO0078762 (HamiltoriHaya)  05/04/09 03/01/0902/28/10 41,400.00 18,630.00 60,030.00
216 G13065902 R01DCO00787€3 (HamiltoiHaya) = 03/17/10 03/01/1002/28/11 40,516.00 18,232.00 $58,748.00
Totals 1,464,176.00 512,622.21  1,976,798.21

| am currently the Pbn one RO1 grant and Pl on another RO1 grant (subcontract with LSU) involving
olfactory bulb research. | am-dmn an RO1 grant (Pl: GareRlill) involving sleep research and-t@n
another RO1 grant (Pl: Rhee) involving vascular research. | alsoadards from the Center of
Translational Research for my role as an Electrophysiology Core Director. | have a pilot study grant from the
Arkansas Bioscience Institute in collaboration with Dr. Buchanan (Arkansas State Univ.) on smoking
researchMy goal isto continuously seek NIH funding so that my laboratory will have enough resources to
further generate quality scientific data. In order to guarantee continuous funding rétently (7/2/2010)
submitted my RO1 grant 6s .The puepusa of thie projeot is toaimravel they b u
fundamental network mechanisms responsible for encoding and processing odor information. In particular,
this research will help us understand the synaptic organization of olfactory bulb glomeruli. Moreoaaseb
an impairment of olfactory function seems to be associated with some neurodegenerative diseases, we will
examine the role of glomerular circuitry in olfactory coding in normal and pathological conditinothier
RO 1 g r a n Neurenaltciicdiintezadtion$ in a rat model of Fetal Alcohol Spectrum Disa@rder i n
| am the PI, was submitted on 10/02/2009 in collaboration with Drs. Pierce and Dwigh} &l a revision
will be submitted on 11/5/2010.

w h
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Publishing in_high-impact neurosciencgournals

My goal is to continuously publish high quality scientific results in ypegiewed and highlyanked
Neuroscience journals. Since 1996, | have publi§deatticles, 3 book chapters aB@ abstractsFive of
these articlesverepublished in Joural of Neuroscience (impact factor9y and one article iNNature (impact
factor:32.9 cited137 times). Sincemy recruitment at UAMS on January 2006 (in less thgears),| have
published19 articles 3 book chapterand 22 abstract3 he high rate oproductivity has been maintained
despitethe transfer toanew position at the Univ. of Arkansas for Medical Sciences (UAMS), and the time
required for the establishment of a new laboratory and for 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 physiologyWe have purchased a statethe art fast imaging system (NeCD-SMQ,
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 voltage signalsre teubporal
resolution. This acquisition rate will allous 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 as part of new grant applicai@ecause this is a bre#irough techique and it is the first
of its kind at UAMS, the PI is helping many colleagues to generate imaging data related to their project. For
example, we recently performed imaging experiments on the retina and the preliminary data has helped Dr. Z
Jimmy Zhou gt funded by an NIH grant (RO1 EY0108241 , ent it l ed APhysiology
The Plhasperformed calcium imaging experiments on the intact dorsal root ganglion in collaboration with
Dr. Elie Al-Chaer(Hayar et al., 2008)The purpose dhe ongoingexperimentss to elucidate the
mechanisms of sensory hypexcitability that lead to chronic pain and we are planning to submit soon an NIH
grant on this project.

2- Live confocal live imaging

We have installed on top ahOlympus microscope @SU-X1 spinning disk confocal (Yokogawa
Electric Corp, Japan). This system has the world's fastest scanning speed (up to 2000 frames/s) and integra
well with our RedShirtimaging camera which is also capable of acquiring 2000 fps. It consists ofwa Nipko
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 each corresponding pinhole. It
can very rapidly raster scan the fieldvew with about 1,000 laser beams. Midgam scanning not only
increases scanning speed, but also results in significantly lower photobleaching and phototoxicity. The
addition of this relatively lowcost ($150,000) confocal system is expected to enlanckast 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 stimulate and image the brain

We have purchased an ultraviolet laser umgagystem. 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 system, it is possible to perform spot illumination of areas as Stnathadiameter to
uncage compounds such as glutamate or calcium in a small region of a brain slice such as single dendrites.
This technique can be combined with calcisemsitive dye imaging. The ultraviolet laser light can also be
used to evoke small bralesions or to evoke a clot in a single capillary or blood vessel in the brain in vivo to
mimic the effect of stroke and study the mechanism of local ischemia.

4- Infrared laser technology to quantify local cerebral blood flow
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We have also purchased afrared 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 optical fiber with an open angle of approximately 28 degrees areflduéed 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 the speed of blood flow. The equipment can measure
simultaneously blooddh velocity and mass. We are planning to use this equipment to measure the effect of
hypoventilation and hypercapnia on blood flow in premature animals. This equipment will be used to generate
preliminary results to apply for competitive muifivestigatoNIH grants in collaboration with Dr. Jeffrey
Kaiser, a neonatologist recently recruited at the Center of Translation Neurosciences.

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

atthe University of Arkansas and witlollaborators irother Universitiegspeciallymembers of the
Association for Chemical Sensésontinuously seek to help members of my neuroscience community 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 c:
rely on me to troubleshoot and solve their scientific problems. | share openly and willingly aitificscie
information, knowledge and experience. | have an international background and I communicate constructivel
and listen actively to colleagues with different ideas and points of view and | treat them in a respectful and
supportive manner.

My ultimategoal is to understand the alterations in neuronal networks in pathological conditions, such
as neurodegenerative diseases, functional pain, hypertension, and when the brain becomes addictive to alco
and drugs of abus&ince my recruitment at the Depf.Neurobiology & Developmental Sciences on January
2006, | have built 4 pateblamp electrophysiology setups: 2 in my lab and 3 others in my colleagues' labs (Dr.
Elie Al-Chaer and Dr. GarciRill at the Center for Translational Neurosciences). | haweetaand ce
mentored graduatestudents6 research assistanBspostdoctoral fellows, 1 medical student, and 3-high
school studenti several techniquesich agpatchclamp recordings in different brain structures involved in
olfaction, vision, sleepral pain.

Ongoing Collaborations

1. Collaboration with Dr. Edgar Garcia Rill (Dept. of Neurobiology and Developmental Sciences) to
investigate electrical coupling in the reticular activation system which is involved in the regulation of rapid
eye movement sep.We have a funded-$ear collaborative grant that started&h/2002 We have
published so far 8 papers and 6 abstracts in collaboration.

2. Collaboration with Dr. Elie AlChaer (Dept. opediatrics) to investigate the effect of visceral
hypersensitivityon the electrophysiological properties and calcium signaling in dorsal root ganglion
neurons using the wheteell patch clampechnique in the intact ganglion/e have published so far 1
article and 2 abstracts in collaboration. We are collecting prelmitata on the purinergic effects on
spinal cord slice in order to submit RO1 grant.

3. Collaboration with Drs. Kim Light and Dwight Pierce (Dept. of Pharmaceutical Sciences) to investigate
the alterations in cerebellar neuronal circuit interactions in model of Fetal Alcohol Spectrum
DisordersWe have published so far 1 article and 2 abstracts in collaboration and submitted R©1 and R
grants. A revision of the RO1 grant will be submitbgdl1/5/2010.

4. Collaboration with Dr. Sung Rhee (Dept. of Phacolagy and Toxicology)o investigate a novel
scaffolding molecule in the muscle cells of small cerebral arteries that may ensure that potassium channel
are expressed in adequate numbers and in the right location in the muscle cells of cerebrabarteries t
optimize blood flow to the braiWe have a funded-fear collaborative grarthat started on 4/2010.
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5. Collaboration with Dr. Naim Haddad (Dept. of Neurology) to establish a meth6E®@fdipole source
mapping in epilepsy and neurodegenerative dised$ées h a v e a pPiol studydCerteofor a
Translational Neuroscience Award and s et up tdskEGthiepiotstudperaing IRB
aproval

6. Collaboration with Dr. Kathryn HamiltorLpuisiana State Unersity)to characterize the cell typestbe
olfactory bulbexternal plexiform layeand to understand the contributions ofd@eells in this layer to
olfactory discriminationWe have published so far 8 papers and 6 abstracts in collaboration. We have a
funded 3year collaborative grant thatasted on4/1/2009

7. Collaboration with Dr. Roger Buchanan (Arkansas State Universitygtermine how repetitive trans
cranial magnetic stimulatiofiTMS) alters the effects of chronic exposure to cigaretteke on the rat
P13 potential. We have currendlyfunded collaborative grant from the Arkansas Bioscience Institute.

8. Collaboration with Dr. Jason Chafigept. of Neurobiology and Developmental Scienteshvestigate
the mechanisms of neurotoxicity of methyl mercury in glial cells and neuhorElaborative RO3 grant
will be submitted by October 16010.

9. Collaboration with DrXiong Liu (Mesolight, LLC) to develop a novel fluorescence contrast agent for
nearinfra-reddeep tissue imaging based oragnverting nanoparticles (UCNP$) collaborativegrant
has been submitted on 08/05/2010.

10. Collaboration with Dr. Atom Sarkar (new recruit in the Dept. of Neurosurgefy@lpset um Human
Electrophysiology Core for recording from human brain tissue from surgeni&s'med in epileptic or
cancer patiets.

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 hypercapnia and hypertension on cerebral blood flow and other
respiratory and cdiovascular parameters.

2. Collaboration with Dr. Jimmy Zhou (Dept. of Physiology and Biophysi&MS, and Yale Uniy.to
investigate retinal waves using imaging of calcium and volsagesitive dyes.

3. Collaboration with Dr. Tammy Kielian (Dept. of Neurobigioand Developmental Sciences) to
investigate the effects of brain infection on electrical coupling in glial cells labeled by GFAP in transgenic
mice.Dr. Kielian has moved her laboratory to the University of Nebraska Medical Center in Omaha, NE.
One of mypostdoctoral fellow, Dr. Nikolay Karpuk has moved with her to continue working on this
project.

Teaching and Training

Despite thededicationof most of myeffort to research, have been involved in significant teaching
and training in my Departmens avell as in other Departments. | am currently teaching in the System
Neuroscience, Medical Neuroscience and Cellular and Developmental Neuroscience tanrsbke.ourse
director and lecturer of an ent i r e,1credilsusneerciukse,ur o
15 students enrolled, 7 of them were auditoFl)s condensed one credit summer course consists of teaching
the theoretical aspects of modern analytical methods to study neuronal dcainitgn the thesis dissertation
committee of6 PhD students: | am currently mentoring a postdoctoral fellowKBras JeradeBoursoulian
who joined my latbn May 1%, 2008. | havealsovolunteered to be a mentor for minority students in order to
motivate them to pursue a scientific careewak responsible for mentoring and training 2 college students
(Brennon Luster and Shaterrica Dawson) for electrophysiological techniques for 2 weeks (6£11/2007
6/22/2007). The students were allowed to use all the resources in my lab so that they ticgt p
experience in how research is performed, and how experimental data is analyzed and published in scientific

2C


http://hayar.net/

Abdallah Haya©/22/2010

journals. | am hoping that after getting additional funding, | would be able to recruit two graduate students in
my lab and train them folextrophysiological techniques in order to explore the function of different neuronal
networks. | also organize Journal Club presentatjonse or twice a weekvith Drs Al-Chaer and Garcia

Rill) that involve students, postdoctoral fellow, and facultyjrd) which we discuss recengbublished

articles in different areas of Neurophysiology.

Administrative Service

| am currently a mber of the Institutional Animal Care and Use Commigte€UC). | am a member
of Graduate Advisory Committesnd theRecrutment Committee of the Dept. of Neurobiology &
Developmental Sciencelsam the webmaster responsible for updating the websites for the Dept. of
Neurobiology & Developmental Neuroscience®e Center of Translational Neurosciences (GTawd the
ArkansasChapter of the Society for Neuroscientam 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 (ARIAelp my colleagues to troubleshoot 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

Alzheimer 6 s di seases. This association prompts addit:i
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 degenera
causing disturbance 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.

t

Schematic model of the intraglomerular circuitry.

Glutamatergic ET cells have intrinsic, rhythmic N
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 v
al., 2004, 2005). ET cells (left) are synchronized ¢ s 4
further by synchronous EPSPs from the same

olfactory nerve (ON) axons, and by correlated

bursts of IPSPs from the same and different sets ~ EPSF-IPsP

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 fensembled 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 AControl One glomerulus R

interactions. An olfactory bulb e, ot o ey ot ~ e i

slice was stained with the azi

voltage-sensitive dye di-4- +AP

ANEPPDHQ (75 pM). Optical TCNOX

recordings were obtained e N —

with an acquisition rate of e Attt o

128 frames/sec and 80x80 i, i . % o
pixels resolution using a 10X B Contrgl .10 glomeruli _ C -

objective. A. Spontaneous “NTITTC RS 25 M SRRy b9 A 2

optical signals were obtained &« s T s e L

from a single glomerulus GW" s

(glomerulus#5 ~ shown N 5 ey -y A~ Vo

panel C; a decrease N § it ettt s sty

fluorescence intensity 2 A=A AP S e AP g s

indicates depolarization) in ' "W T L VAT

different pharmacological abazi EPL

conditions. Disinhibition by

gabazine increased the

amplitude and the frequency ¢

of the spontaneous events \

whereas APV reduced their . . i

duration. They were blocked 2 PR R Sethio J mutts B8 RO,

by addiion of CNQX v v wloses

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-
314 and cesium
methylsulfonate. At
holding potential of 160
mV, the ET cells
displayed relatively large
amplitude synchronous
fast EPSCs (downward
deflections) followed
sometimes by
synchronous slow
EPSCs. At the holding
potential of 0 mV (near
the reversal potential of
excitatory ionotropic
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receptors), only synchronous bursts of IPSCs could be observed in all 3 cells (bottom 3 traces).
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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.

Effect of blocking inhibition on A * * * *
the firing pattern of a control <:,:u.:f.;»:LMWWWWu
PC. A. Extracellular recording -~ ; nni ; , | ‘ } ‘ __]wo .
from a PC showing that the "™ * Ty e g ’ Al Laee -~ ke
GABA-A receptor blocker,
gabazine (10 pM) eliminated the
pauses in the firing (asterisks).
B. Scatter plot of the interspike
intervals showing that gabazine
reduced the variability of the
interspike intervals and slightly
increased the firing frequency.
C. Auto-correlograms of the
spike trains show that gabazine
increase the amplitude and the
number of ripples. D.
Histograms of the interspike
intervals (bin = 1 ms) showing
that gabazine changed the
skewed distribution into a
Gaussian distribution.
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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.

Dual extracellular and g Dual extracellular loose-paich recording

intracellular recordings ] [ ] l »

from the same pair of CLRURT LURCRR L RCUPRRL AT RULU T SR (LS Cu O LU RO (L CRCRNR DRI E {4 LU LA L LIRERTLA
PCs ethanol-treated rats, " 100 pA
15 days old). A. Dual 00 ms

c Crosscomelation of spikes before,

Crosscorrelation of all spikes afier. and su jinq pauses

extracellular  recordings B
show frequent
1

synchronous pauses _ s, '® '

(asterisks). B. Cross- gzs "‘M 6

correlation of the trains of §20{ ** §

all spikes shows small but % 15 ! N

significant peak (see inset 5 10 - 2

same graph with & %3 1
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Indlcatlng. the presen(?e. Of E e e F Crossoorretation of membrane current
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and end of each pause \J\ M 01

(defined as longer than ' POVN o

the mean + SD) showsa * * * * . * RO **_*,‘WP‘ S OF BB B

much greater significant 200 me Lag (s)

cross-correlation at lag time zero. D. The 2 cells 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 c) measures of connexin-36 mMRNA 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 humber 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 hew
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 ¢ M1 receptor
similarly to the specific relay and reticular nuclei of the R o & M2 receptor
thalamus. Thalamic relay neurons (TRNSs) project to the X | Pf ‘ © Gap junction
cortex and send collaterals to inhibitory GABAergic ok

interneurons (which are electrically coupled) in the

reticular nucleus that in turn inhibits TRNs and local

circuit neurons. Cortical projections return to the TRNs, - 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.

GABA
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Synchronous activity in
pedonculo pontine nucleus
(PPN) and its modulation by
carbachol. All data in this
figure were obtained from the
same paired recording. A.
Simultaneous extracellular +carbenoxolone

recordings (1 sec samples are 120 pA
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 L N \
of blockers of fast excitatory /

control

+APV+gabazine (C.A.G.)

+carbachol

@D

coef‘chient of

correlation

“l
o o~

\
R
o

and inhibitory synaptic | N
transmission (CNQX, 10 pM + = S\
APV, 50 uM + gabazine, 10 Feerne S
pM). Carbenoxolone (300 puM) :
reduced spike frequency and E Time (ms) -200 0 200

desynchronized the cells. B. 5. cabachol carbachol CAG.  carbachol _*carbenoxolone
Photograph of the slice using
2X objective showing the
anatomical location of PPN
where the dual recording was
performed. C. Sliding 3-
dimensional crosscorrelograms e ,
of spikes indicate significant 10 WS i 'i"-r,..jt
synchronous activity
throughout 50 minutes of
recording. Note that the
crosscorrelation coefficient

peak was near zero time lag 17 o 2 W ; s i' 1
and the significant correlation %% - ! ; _ i_.F__ ==
window was around 25 ms (i.e. 0 ) 10 ) 20 Time(min) 30 ) 4 ) B
the occurrence of spikes in 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 Pl 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 Ill, 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



