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Introduction

Uncovering the mechanisms that underndd es d diea l
i mpact . In fact, among the many diseases aff
i mpaired qpuradbltegmsofrdlidteed to such di seases 1
consequences. Accordilndg Heoaletsh | @rad @&rsi zbayt i tome

people suffer from disorder20)o2f the centr al n

I n this context, the neurosciences have begun
and the nervomagids/ryedt eamp puiarcdh a nvol ving not ot
bi ol ogy (molecular and cellular biology, gene

engineering and related fields.

Managing the brain's compl exintgy oandi tasdvfamrcagt
i nnovations in both the experimental met hods
computational tools used to analyze recorded

Among the different el,ecMroephk&si ayndod omasyl (tMECA
represent s obhpowerftumlrtms rlecrog di ng of | ocal fi
extracellular action potentials (EAPs) from p
by means of MEA hasatWwed@otangealoftmeuewabalpt

individual <cell behavior to network dynamics.
Moreover, over the |l ast few years,i mesaegtamacheo
for i nvestigating markebe obs®iney ew vipiydii Ingr (tSce

et. ,al2011; Hi n8rdepti alusualOlt@r)xiomsphien @de mo nw

neur onal regulatory circuits impose sl eep on
sl eep,asar cetrrled ates of sl eep, can be a regior
in current sleep science aimssgstemderast arediamp
ssential fagtbras nof Hao wshueehghiakke yi sq uehset imbom i mu

]

ain tissue-freeaqtuworressam tim@s ®? eepdequately answ

I n this context, the mtao nd pgencailf iai §oauhe sateit dare 6 0 BIf
some essentiainfaasumpbki bied!| megel of itdde br a
our model recapitul atfe silhe atByscehoagriaaclt efr ¢ ateuwr e

di stufPPbances



Mor eover, such systems ar e usef-tuéer m saxipmovieas:t

phar macol ogi cal compounds wi t h a Vi ew to
neur otoxicologi cal MEAagueplfornaum@mpale sewinti wlrge
| owi sk and accessible model tdladctcramp tbyes iuslealqgi

the effectiveness of newFtheragsesrom theseers
s gnificant I mpl egtamemmsoff ohuméome di seases suc
epil epsy, strokaiasredsktl z(hHHoifmearnn et ahl ,, 202064
I n thi,s wenp enreftuarompehdar mx elr cogileanvdns syhdpp meampa
cultures aodupkceatwiotstMEtAlBes ai m ofa tpe sgmidsgurt he

The first part i s entirely dedicated to the sc
including basic inomtweiblesda copbgsnbdbhggydhedpjnerurlo
and acalectdeascri ption of the experi mental setu
array r€bapiiienge

The second part deal s -rwaltaht @ d eelreecsturl d sh y igalr ag
phiysl ogi cal and pathol ogi cal conditions i n ne
brief introduction to the regulation andviheo
cultCheptemresde nrtess utl h es regardi ng -ltihke meodtuil vait ti
physi ol ogi ¢t&lhapowedisthhoom.t he results regarding
response from cultkeesact nviwthg ecrh s pshmesipd lad gidc aul
Chappereseénts the results rleigkae dd sntgi wihtey mord ud a
sl eep is af f-Wicltleid pat.heal,odgy)ader

The third part ofurtohpihsa rtmaeil o gdesadtr ielxepser menen
neurological disorders (epilepsy and Down syn
brainChbhplteel udes a descri pti oonr obfr aoiunr scluiscteo ne
including the custom fitting of tChea petkepsea 8i inteens
experiments wusing both neuronal cultures and

e&l uate the efficacy of specific therapeutic



Part |

Scientific and technical background



Chapiler

|l n vitro neuronal net wor k

The human brain is the most complex structure
onsea@aildf: dur brains were simple enough for us
coulodNo' tot her brain in the ani mal ki ngdom i s
consciousness associated wi tyh oMiorr eaobvielri,t yt hteo nr
perceives t he enor mous compl exity and vari a
sophisticated aAheay ncomsegssesresansory informatio
appropriate belheasvpiotrealt hriess pcoonngpelse.xi ty, individ
in their ;tmoey haolllogyyhare the same basic archit
more than a thousandThlus fesephi $tyipeatbeedh aave dorro

depends | argely on the way in which these ¢
capability of the nervous system to produce d
derives from the way i no whaaoh mntetugronisn amet wm

receptors and muscl el | atlpe(Kk aarhdhenla & Foama |sti hneg €
reasons, the study iof wiemmmrashabumedweontks!| et o hte

of braian@ubcai onpathol ogi es

1. Cel | cultures preparation

The spectacul ar advances in bioldgenthay oes!
| aerlgy from therapgpdibabwi  ngyaofag of new exper
mo s t i mportant techniques in many areas of bi
devel oped for maintaining, ¢uwl t(uGtairrege | a nadn dg rTo w
191DHhe history of tissue '&winttwreg whgean Raots st IGe
showed that cell s ainmedealrions «uwtud (didabreroifmsaann It éa
1907; Granville HarrisonAccbdddod niHanHasom,soh912
iTi ssue f kwenr ¢ hiencwb atAe.d Tahe albbwsu aBl9 hot weath
al most the experiments with chick tissues wer
keep tissue warm during OHarirri porppderegunpnoadld
that tissueecantddgsawnFioguurilda dle t he body

Harressomsespop¥aneanonal deves$s opmenaci a@ldhcwoéagboya | f oc

8



much of tthhee weoarrklwya s\d sd anpd &y t o d exmwosnpsetcrtatcef trhea
mat ur,atsiuocrh as synaptogenesi s an(dPemyealsioma tainodn
19560 her wordkdepfovistde dHetayhadi ¢ci aws i 9fttes
( Nakai, 1956; 1960; Pomd®@&, ekt i nes ,0fl9B&0robl a
mai ntannedil ture and continued tochArattéerateE
di fferent( Auglicoaearamse. Sato, 1969)

I n the ensuing ye®ass hamanyherovedevmétolped, i n
prepani m@uronall net wor ks f Tdrar diifrfofresiu,fetna r ibm @ i
to gain a more prominent anfddampornt asdusepamli tiu
part of modern neurobiology: near | yt hoen es ctiheinrtc
j ouNeaklhesre nerve celnmpocrutlatnutr ense tahso da n

10.50 \Qf
10.59 \Q{b
11.04 —71~Q

11.13 -&f~

[

11.28 .&_a‘(
137 =

.05 10

Fi glbHarri son drawing il lmustSoauricneg (cruelft)ured ne

Neurowmhlt ur esedtarcikn ©oif c t fhhley shi aovl eodgu ccead d enlpluu Isa ra nad

compl extt yt hayweofpfoesrsi bi l ity of conducting bi
popul ati ons .ofMmreauapoannail tdieeeyh | wal u a bnl eg xcpoemp | meenmet
by all owing more controlled manipul ationvotfro
cultures arenmmehipgr wsed!| tures and cel |l i ne.

cul tbuerceasuse they are prepared fr;omhnemelpllsatteak &

appropriate substrate, neurons began to exte
net wor ks. Under favorabl e condirteasonfsqgr irmontshs
which time the cells acquire most of the prop
and dendrites, form synapses with one anothe

characteristic of ttylpescomrasspandiThhg oa®lr phol og

9



of the cell population present in culture cor.
present i n t hEeKrtiiesgssuteei sf aardi ghDinchter, . TTR83; B
currently accepted protocol for culturing pri

involves the dissection of braamnagl frOowml youeg :

prepared from neurons | ocated in specific reg
main | imitation of the use of primary culture
i mi ted e@xaamgangi,omonsdequently, for each prepar

new tissue and prepare new cultures.

Al ternativel vy, it is possible to use continuo
(e.g., mouse-l1BdP@ughTsdcsa o nan df SBh ®s d 96&1 | s can
repeatedly and express a reasonably stable ph
role in scienteicfaiutsecepdamacgmpatal | y hioghluy tprra
and transfect. However, one of the drawbacks

they often do not express key aspects of neu

dendrites, for mat iuognh otfh esyy nnaapys essh,a reet cma)n,y aolft ht
of differentiated neurons (e.g., neur-oap e ainfsime
proteBaskRer et al ., 1998)

Recentl vy, neurons derived from human induced
promising tool for studying neur ol digfifcerl e ndtiiss
hi PSCs into neurons have been developed, ma n
reproduci bilityl n afFrlefgaevoamfdfeircsi epnucbyl.i shed a r
protocol for generatingphaavkafsdnm egrao et nfatomt Rial
to cultures obtained from ani mal model s, the

neurons derivedefromadiffheywhthP $& s$amesgenet

and provides robust consistency for phar macol

I n vitro development of primary cell cul tures
Cult emednmal networksinepoeeént hand dians erbdereymt aurs
neur osci ence, i ncluding synaptogenesi s, axon
(Dot ti et al ., 1988; Bi and Poo, 1T9h%e8 ; sl1t %a9uod; t Tuary
functional features of cultured neuronal netv
model involved, the tissue of origin, the cel
(Bi ffi etThels.e, ch@®IrA)cteristics of the baeltur

di fferentiation and m@Mariani en @lrhoced3@@5) of n

1



Changtelse imor phol ogi cal and electrophysiologi c:
by means of microscopy,elclalocri umulitmasg itneg eal nedc tsri
(e.g., patch clamp or mi cr oretlesd ttrhoed ee xairsrtaeynsc)e
bet ween the age of a culture and its propert
neuronal sgilkihmdgaavat ieddirfay . 20099GC8hBegpalbdne et

At the early development al stage, neur onal C
neuronal connectivity compar gdDt V¥, thgeembeur &h
the electrical acrtiizvead ybyatsi7n gdlev d psi kcehsa,r aveh eer ¢
an increase in firing rate, a r-fckRqardcyt aslpli &«
hi ghly synchroniHHzediueparciyodsstofvi hygh hater shmul

net work sites.

10x 20x

7 DIV
DIV 7

DIV 14

13 DIV

Development

DIV 21

25 DIV

—T"T—'T'H‘—T-—'T-'-
e A —
44000 0
T R S

DIV 28

I
50 sec

50 uv

Fi guzMo rilp.hol ogi cal wohangiesroncaktiuwvés yduring devel opmen

mi crographs showing MAP2 i mmunostai nidreg edfopanemd mrl e spehmts
13 DIV and 25 DIV) ati .Z20d&i fafner €r0tx ; reaapdesOfen, despedtsely] i (

| tea 2808). On the right, two representative teaces DIfV,t
14 DIV, 21 DIV and 28t.DdaW)06()f rom Chi appal one

Mor eover, the functional properties of develo
density due to variations in(d&wmdr et € nervp R@I0
et al .Neuz2®h®) cultures with different cell d e
waysy modul ating the number o0 fn esuyrnoanp sseysn appetri cn et
(Akum et .@eél |, @2®MWAi)ty also influences the re
hi ppocampal <cultures; as the initial pl ating ¢

oprimary and secondary dendriteg Pamrdai deetcradas e
1



El ectrophysiological +spatacechdiamgls cabtcaiumed magi m
t hat pl ating at di fferent densities (i .e., I
neursomar se net worrkse r(tir at i, o mp | @ft9i(yp acedix |i en¥almhinabl i yt
stronger synaptic connections between pairs o
concentration higher Sphase2B8e@0woeksssmmwed hi
t madense cultures, with enhanced bursting act
neurons had simpler dendritic trees and fewer
al so affects the morpholl&€onwenf ethal dendl0j0Be $
201Bi)ahaol | eRigfufeis, Re glkclhiaa aectt earli.z e2d0 1t3he el ect
of neur onal cultures seeded at three differe
cell / mm2) and high ( 3608 p ocretldn/enomi2s)c,tei |l veecttyrriddi a
mat urati on byThmeey nssh e dMMEtAlsat el ectrophysi ol og
by a functional metukr duromgt mat uwasi bal |l owed
f or sapnadr smedceinlsi ty cul tures and-dbeyn sa tdye cnreeua soenda
(Figure 1.3

Number of active channels

12 =§= 900 cellsfmm?
-¥- 1800 cellsfmm?
B 3600 cells'mm?

10

08

06

04

number of channels (normalized)

00

4 8 12 16 20 24 28 32
DIV
Figu3varli.ation in the number of active channels during
deneigupl t o %B(0gor acye Idiost/smm( bl 8a0ck cseglulasr/ensnf( vwmidt 68 6DPu ared d)s
are normalized to tkéromt 8i fhumEker eof athaoinsd) s

Medi-duensi ty cultures showed highemimgmbaearnssofa
busting activity tharnfFicgedtl.gs pl ated at ot her d



Number of active channels vs Density Frequency vs Density
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Fi guU4kl ectrophysi ol ogical parameters at different

Therefore, i n mang cas®MEA tbheordi hgsedensegyo
conditions (o¥%ewilbOOveeblrswmm of glial -cell s
term cultures. Mor eover, growth of cells at t
coered by the neurons, avoiding |l ow numbers o

i mproving MEA perf ortmamicsee irnattied mMsSMR) shawme |l b e

chemical functional i(Maetsicon aofk)ahthd t bk 2dtlrt codeos
modi fication by increasing roughnes-tseloec tcrroedae
sealing. Examples of these approaches are th

(Dowvddfin et af.poR2O00B)egtyegemaondesar adf. ,el2edcltlr
3D feaODatesevskytet naime, o0 ¥¥6)x fuesvef Anletwe rmmaattein
especi alblays edarnmaineh apkbhehgaes, gai ned YhPgrutlalra t gt
2011; Ostrovsky et al., 2016)

Graphene, a singl e dead eirn od Icex aéagdm atttobert tao o eaf
scientists siinncveariitosusd(flNoedodese yov.heR2 08K a, v20 §4 )
materi al tehcatf ors irtexolginglz conductance, hi gh m
and biocoMmMBatmbiahidt o vReccd migul,aypd@h@¢o MEASt i ng
graphene el ectrodes have been fabricated and
cor tniewa(ldbrus et .MMbreo2@t5)ihLiotéteralst,ud2@®@-L1l,; Conyv

it has been demonstrated that the viability

1



significantly enWwaeneeduwhenedhencel lgy aphene

conventional tissue culture substrate, i ndi ca
neuronal growth. However, nttesmuaiyahwnsi prriefs em ¢
devel opment on MEA functionalized with graphe

i nvo( EledMer hi e,wet dtaihonal2i02e8d t he sealrd atcreodbd Ml
by tr anstgerariinaga ylpagrigger ®Shlcenei @L&et etching. TIt
net works cultured on this surface was recorde
tohe activity of cul t ufruensc tmaao ma lais zneedd b dwew iise eadn.d-

P
A MMA
PMMA spin coating Cu etchinﬁ
[————
f‘s\g
CVD grown SLG on Cu foil Stack of PMMA + Stack of PMMA + SLG
SLG + Cu after Cu etching

PMMA
iy | @) |
— § o) i
| &}
P <
SLG on MEA M4 PMMA + SLG on MEA Scooping of PMMA +
SLG on MEA
B C 1200
¥ 2D
Vs 1000
/
/ __ 800
. B S o]
=\ i ,’w} 7. %
£ /A § ol
— = =
= - = 2004 G
?l IE o-»—\/\/\'\JL»
1200 |4’00 ‘N)IDD 1'4‘[?(1 2(3’30 2800
Raman shift (cm')
Fi gudAe9 Schematic diagram illustrating the weVipnrawn ng

| argel c®lyGtan co er (Cu) foil, of 25 Om thickness, wa:
l ayer of poly (m hyl met hacr yloatwe ) @P MMA acend dtioa de 9 CBvamvma t
SML8BT spinner)thobe S$bhé/ udkoiblfs at 3000 rpm for 45 s an
grown on the opposite side of the Cu foil was removed |
for 12 h. The Cu was etchad eugiAPF)0sdDIMtAmmoninum Pertgul
was floated on the surface of the solutiQn.MiTheYYptrack 1
to remove the traces of the Cu etamart, Macmdotikérmcitod

transf eMEAdw®s Ganneal ed at 160AC for 3 hours in a vacu
for the removal of PMMA . FosLGmmasot abakfenge@expat o mac
foll owi ng -etthceh isnagmBp rw@pto ¢ ¢ b | i mage of the functionali zec

1



p is shown in the zoomed i mage on the |l eft, whe]
el ectyold@mar characterization of the transf(drrEdedMSLIGI s h
018

OQur work included investigation of the mor phc
conventional and uatttbeatdevedoMmBAst aand f un
| mmunol abeling revealed no significant change

on -§GG coverslips compared to thoBieguenedolu.hed
culetsurdemonstrated morphol ogy of heaSILtCh Wd oceesl Ing

trigger any adverse reacQuamtiifni cahtei onre uafo ntal e

that the density increasedaasnodoegelgopmecanpr d
the-SLG and <control cultures, indicating an
condi(Fi gusB). Regear di ng neur onal densit-gpecminua

mar ker MAP2 showedft met-$lolBesscmlnnibe&Ges was gener
control cultures (statistical significance wa
or a higher propensity of cell s t o Kaedshhearvea nt oe t
201B)gur@.Wi.téh respect to neuronal guowtdh onwe
SLMEAs display twice-tehem bukel vhbodompadeadagt
cultures. This result is very p#hamiedi ¢ efcd m otnl
it demonstrates the wobbstnebtsianerbiaoceempat.i
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Control

B [ graphene C B oraphene
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DIV7 DIV 13 DIV 25 DIV7 DIV 13 DIV 25

Fi guerMolr.phol ogi cal changes in hippocamp@aalsf eet e&dr ssibsul
devel opment. A) Micrographs showing MAP2 iommalbfd¢oaversk
(top) a-fdGonantoev@ rcs!| i ps (bottom) at three different dev
respectivel vy, from | eft to right) at 2 d inmnfaedr58mt ma g n
respectivel y). B) Bar graph of the total cel l density

of the neuronal density at differ8h6é BRENS (rfed) ppod am
(black)significant difference was found only at 13 DIV
experi mental gnrooauppasme tweWli siviiadea yi tee st f or st atfiEdi Malr heé em
et al)., 2018

The epbgsrol ogical -S& MEiAv ictuyl taifr eshes hb@ed a de
consistent with that of neuronal net wor ks cul
hi gher absolute values of the compaltley, el ketyg
treated networks exhibited higher firing and
(i .e., (RatgurADI1V.)7

Bursting activity wasl3lRlaV,l yanvd sfirodSt GESAGD hv
di spsaped bursts with(Fa gweB@).l1hi’/géd bBRsteaghea
of 18% and rdeumdilmge dl esvrted mipenent al wiFn auw Qu rid e/r [
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The anatltlysi-csomdel ati on Sehwwoaweude shicgohheprar@d t o t
beginningFagunAi Dd&®cating stronger correlatio
were observed in the control MEAAaAgatuggastomga
t he-SLG MEA ¢ulgtuuBe slAt8 t he | ater devel opment al
strength of the activity -SbfIEAIl atpiosrsirbd mpaidrued
number of bur stphhmen e vViMiMAGsO nitr atsite grhae | at ency
and-SL&G MEA cultures at | ate devel opmental sta
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201;8)y ttl e or no synaptodemésiunntwads 9d &tl &/¢t evth eir
increase in the postsynaptic current frequen:
investigation, we also showed that -5hé& nhaber
contr ol caltftecesd theée scell density and thus
net wbr&kbi kawa et al ., 1 9PABg eCthh earp pwvail toln et red eadr.
t hat was previ(@OKedtyawaemaoetd thailast ,eod2s0elr8v)at i on sug
of the neur®NG sauwbesithrevi tB t he fi nal effect of

processes respect to the control ME A. The de
activity and i mproved cell/electrode coudplai ng
strengt hetnga e@lgl od o el il-n@s e@d ig(mHthepoh feantee a | . |, 2011
Ghaderil,bn 20dmBgl usi on, the higher survival rat
t he 1 ncr eavsietdy foifr itnhge accetlil s-SL@®ddesat eesohr ent g
the physiological functionality of neur onal |
capabilities, possibly due to better neuron/ s
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alternative approach to the use of dissoci
ructure of the intact vhrTaigibtiey mpadsti cemeyt ma
t h-v @r@n) sed@idns of brain regions that are prepared from adult mammals, maintained for
ny houwW®etwae slices) or in culture for days
el ectrophysiol ogi cal or bi obbemi da@®lchat gde
ssibility of preserving the network archit
operties of the brain in a very controlled
ys depending tdhore trltegi pmsi toifon naferest (i .e.,
one or together with entorhinal cortex, cer
90s, many scientists used retina ismemtestfro
itial brain slice studies wer e meetxapbloalnitcs sftr
0gs, which were shown( Ltioh eh a vaen ds pGoea taa nde o €ls9 3
vestigated the properties of bra(Bushs.ce$95b
ain slices were not wuswendtiiln Leil ecrtd oMdAlylswail n
mbrane potentials in isolated neocortical t
ain.Tihneisri tluat er studi es, Fpnucl | sueddi nfgla atchies ¢ fahit ros
nam@tniseni sa maamot o and .Mol kt wWei ensu96§) year s,
re developed, making it possible to concomi
tabolic or eleecttirsiscuael wshteant ussl iocfe st wer e expo
hi pMcoftswain and Snyder, 1970; Hell er and Mcl

the early 1980s, the use of brain slices be
press concerns regarding (tDhengpteysinel, odi98al; S

ch effort has been made to -d9lmpaceveeddredicno

i mprovements include modificati omiacfrobhberisdn

an
t o
an
of
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el

tibiotics to sustain tissue quality for 1| on
i mprove (tGas ¢ hevaqueal ety al ., 1979; HaaNsi ceotl lal
d Al ger, 1981; Ko eDrenpeern dai nndg ont mahne, elx98e3r)i me n't
these techniques have been developed and ¢
ncerns the thidkimiesoseleihnd lye es wiaceslevEhe ped
individual c e | Inma thicknwhike lthe thieksslicd techngquetishused wh2rb 0
nnectivity and mai nt enance of nor mal dend

ectrophysi odiogs ¢ a s thickere usBallyOuset  balalce the need for a



robust network and complete oxygenation of th

One alternative to the acute slice preparatio

i's basreldi eorn woar k on explant cul tur e(sCrdeairn,ved9

The method became increasing poputlure ftoddhomwion
Gahwil er Ge2mwlil9 &ind U%B8&1le)r with the devel opment
in ($9dppini et al., 1991; Noy,ab20@6)xt al ., 19
Al t hough acute brain slices can be maintained
from mature adult tissue; in contrast, organo

time in cultureg, pbwetpaptedy faRaday tryaptDsc adnd. mi ce (

Today, brain slices are used in many types o0
devel opment , net work oscillations, i ntlraitn oinc ,
and manKetthemmann anbDueartantiyiohe f i@ walyler ed ¢

the hippocampussigdioaee oégitbes bestthe mouse br

Hi ppodamnpali baveshdli sesbeen co¢iEpketd €0 pl anafi9M
1999; Egert et al . ,03;0Wi2r;tBe gagmsd alngs cPhl eern,z , 2 02004 ; |
2006; Soussou et al ., tahus6éwiFegnr maegtr aad e l, 4 R10&r2
of defined nlenurtomealf clilrccwiing,. we brieflyfdesc

hi ppocampal slices.

Fi gul9Compari son of an acute hippocampal -shtoehbandl asl bec
ME A . B) I mage of a hippocampal sl ice cuhlotreg.edl 201 8&)n. M
bl ack, red, and blue electrodes record the signals in 1
Hi ppocampus | ayers and princiopal neurons

The hippocampusstiwdioend rogdgitohnes boefstt he mamemal i
reason for this is that it possesses structur

l evel. The hippocampusb.oesh, preerureccndly delmi nlaa e



connectivity are arradgedasonordethgtl ayece. t.

t hat the hippocampus plays a fundament al r ol
hi ppocampus has been implicated i n many neur c
Al zhdési ndeirsreca ssechi zophrenia. Because of the i mp
memory and synaptic plasticity, It i's not S L

hi ppocampal deficits. As part of hhppotampabk s
obtained from Down syndrome mice (see Chapter

The hippocampus cios nuempa@snpadi efjyi bheand t he den
first presents three different subr eghieo nsse,c ohAd.
consists of the f a@&sciua ed elntledt & and t he hil us

I n the following, we briefly describe the dif
circuitry. The surface of all/l hi pepea c aonfip aolu tfgiod
incoming fibers. There are four principal cel

Figure: 1.10 B

1. Stratum oonsenhsts of the | ayers occupied by
receives inpuamifdalm meé hreonp, -CAslpeci ally th
2. Pyrami dal: coenlel olfaytelre most visible strata,
co
t h

ntains the cell bodies of the pyramidal
e
|l ayer in both directions and are therefor:
n

hi ppocampaisrodifehave el aborate dendrite

contains synapses from the mossy fibers an

3. Stratduimmtruamont ains the apical dendrites of
coll ateral fibers.

4, Stratum | acunostuhne mool setc usluapreer f i ci al |l ayer ;

and the apical dendrites of the pyramidal

The dentcaotnet ag ynrsu,st mragnde €lygy eamsul ar cel | |l ayer,
the diffusely cellular polymorphic | ayer. TI
granul e cell |l ayer i nto the overptyicngc omonl eecct
from sever al sources. Since their dendrites

body, granule cells are considered monopol ar



Fi gur®r d4wings of the hipphecwimpg st by C€wtmoad ohiGtod gti osi ¢ d
1903) The hippocampus is divided into the cornus amm¢
Schematic drawing of a hippocampal srdatcemwairtiheman (em) ,arp
l ayer (p), stratum radiatum=-ay) and stratum | acunosum

Hi ppociBE@ussci cesli try

Three common slicing angles are employed 1in
namdlryansveceereonhl cebicesntaodhhnpipddER@dmparsel it b
types of slice preparation have been widely u
preserve the major afferent hi ppoR)amptah e pnaa shswy
(MFs) and the Schaffer coll aterals (SCs). The
efferent connections are best preserved. HEC
studies ofEQiipmptoaraabogtalause t hey preserve all t
the hippocampug( XiP@hghWFs, ag013Ls

The brain structures included in hippocampal/
hi ppocampa.l Ifrormantt ioaaul ar , It includes the d¢
subiculum (SUB), and) ,t haes éamhgawrneiidmlllcortex (E
The i ntrinsic fl owhiopfpoic afmp a hiaotfiboonmat nuonri e r ec

glutamatergic (excitatory) pat hwaryiss ytnlagtt i cr e
(Ander son et halppoktampp. maTkrenwes hi ghly pr oceé
information mainly from theoECthbBe&EComs off ecat
hi ppocampuspetrfouag@m ipepe tolr amtavedtsh caudal 'y fro
angul aro bILtBlleend terminates both in the DG an
the CA3 field of the hippocampus. The CA3 pyr
as wel |l as $loa fCfAelr t dha loluagther al projections

Threecurr entiohixeA3e regi on acealdwEHiomwdi dtyi s® f i be
facilitate the completion of I ncompuerbowskinpeat
20000 the oCAErpYhraamidal cel |l s toghi vteo rtihsee SIWB ca

deeper |l evel s-ViMorkrevECI| 0 ha@pwed nisNECapeoj ettt df
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