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BocnoMmuHaHue

0 [ekapt: «Korga gylwa xenaet 4To-HMbyab BCNOMHUTD
..., BONSA 3acCTaBn4aeT Xenes3y OTKINOHATLCA TO B O4HY,
TO B APYryt CTOPOHY, HAanpaBndaa Ayx B pasHble
oTAenbl Mo3ra, Noka OH, HaKOHeL,, HE HATOSNIKHETCH B
OQHOM W13 HMUX Ha creabl, OCTaBMNEHHbIE MPEOAMETOM,
KOTOPbIA Mbl XOTUM BCMNOMHUTbL. Takue cnegbl
CYLLECTBYIOT NPOCTO NOTOMY, YTO MOPLI B MO3ry, Yepes
KOTOpble OAYyX MPOXO4AWUN paHbLLe Npu BOCNPUATUN
9TOro npeameTa, Tenepb dbonee OApyrnx CKIOHHLI
OTKPbIBATbLCH, KOrga Ayx CHOBa HanpaBAeTCAa K HAM.
 Torga oyx nerdye BXxoguT B 3TU MOPGLL...»



CBA3aHHOCTb ((PpyHKUMOHaNbLHaA U CTPYKTYpHasn)
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to one another, so that if one fires, the
other two are likely to fire as well.



Hebb’s postulate on synaptic modifications, which was formu-
lated in 1949 in his book “The Organization of Behavior,” has laid
the foundation for subsequent experimental work on memory
storage by neuronal assemblies (Hebb, 1949):

“When an axon of cell A is near enough_to excite a cell B and
repeateg —persisteutly takes part int, somc ro-

cess oxgnetabolic change sikes place in one or both cells such that A’s
efficiency, as one of the cells firing B, is increased.”

AKTUBHOCTb
N3meHeHne metabonunima
PocT KoHTakTOB
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Pyramidal cell

FIGURE 3 | Hebbian-style and non-Hebbian STDP. (A) Hebbian STDP in
hippocampal and neocortical pyramidal cells. Action potentials are elicited
near the soma and backpropagate into the dendrite, where the
accompanying depolarization leads to calcium influx (red). The timing
relative to incoming EPSPs (blue) evoked at glutamatergic synaptic inputs
(green) determines whether LTP or LTD is induced. _ .

[1nacTUYHOCTL MeXay HEMpOHaMK 3aBUCUT
OT OYepeHOCTM UX aKTUBHOCTH

The critical window for spike-timing dependent
synaptic potentiation and depression. In vivo
whole-cell recording from Xenopus tadpole
retinotectal neurons. Synaptic inputs activated
repetitively within 20 ms before spiking of the tectal
neuron become potentiated, whereas inputs
activated within 20 ms after spiking become
depressed. (From Zhang et al., Nature, 395:

37-44, 1998

Piochon et al., 2013



INTRODUCTION

Hebb’s postulate on synaptic modifications, which was formu-
lated in 1949 in his book “The Organization of Behavior,” has laid
the foundation for subsequent experimental work on memory
storage by neuronal assemblies (Hebb, 1949):

“When an axon of cell A is near enough to excite a cell B and
repeatedly or persistently takes part in firing it, some growth pro-
cess or metabolic change takes place in one or both cells such that A’s
efficiency, as one of the cells firing B, is increased.”

A more popular version of this rule—assigned to neurobiolo-
gist Carla Shatz—says “neurons that fire together wire together.”
The discovery of long-term potentiation (LTP) in 1973 demon-
strated that synaptic connections can indeed be strengthened
in a use-dependent way, thus reflecting a key prediction of the
Hebb postulate (Bliss and Lemo, 1973). LTP is now widely
regarded as a potentiation mechanism involved in circuit devel-
opment and adult learning. However, for more than 20 years,
researchers did not dissociate the relative roles of synaptic input

and action potential generation in the postsynaptic neuron in
the induction of LTP (see Linden, 1999). The implication inher-
ent to Hebb’s postulate is that excitatory synapses that contribute
to the initiation of action potentials in the target cell will be
strengthened. This component of the Hebb rule was demon-
strated by spike-timing-dependent plasticity (STDP) studies, in
which the relative timing of presynaptic activity and postsynaptic
spike firing determines the direction and amplitude of synaptic
weight change. Excitatory postsynaptic potentials (EPSPs) pre-
ceding postsynaptic action potentials within a time window of
up to tens of milliseconds cause LTP, while activation in the
reverse order induces long-term depression (LTD) (Markram
et al.,, 1997; Bi and Poo, 1998; Debanne et al., 1998). While
Hebb did not explicitly discuss the weakening of synapses in
his hypothesis, LTD was suggested in a complementary state-
ment by Stent (Stent, 1973) based on studies by Hubel and
Wiesel examining plasticity during the critical period in visual
cortex (Hubel and Wiesel, 1965; Wiesel and Hubel, 1965).
STDP has generated immense interest as a plasticity mecha-
nism that not only obeys Hebb’s rule, but also reconciled LTP

Frontiers in Neural Circuits

www.frontiersin.org

January 2013 | Volume 6 | Article 124 | 1

Piochon et al., 2013
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J Comp Physiol Psychol. 1949 Feb;42(1):32-44.

The retroactive effect of electroshock on learning.
DUNCAN CP.
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HenpoHHbIN YPOBEHbL

0 wn3meHeHne aktmBHocTU HenpoHos (1)

Rewarded location Unrewarded location

Monkeys were trained to release a bar when a certain
stimulus was presented in a certain location. The Strong response Strong response
monkeys learned to ignore stimuli in all other locations. mmu """"”"" I"""""
Fixation point  Stimulus Ty
\ |
\ | )
4y Before training, neurons responded
to stimuli in all locations.

Posttraining recordings:
Rewarded location Unrewarded location
Baseline response

Strong response

(T

After training, neurons responded only when
the visual stimuli were in the rewarded location.

§ Results
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Kak ocyuwiecTBnsieTca Hay4deHue

[l HenpoHbI, UMNYNbCHAA aKTUBHOCTb
KOTOPbIX CBA3aHa C HOBbIM 3JlIEMEHTOM

OTKyaa 0epyTca 3T HEUPOHLI? 4 BapmaHTa



«HenpoHHbIE NICTOYHUKN»
o0y4yeHuns

«Mon4yatLyme» HENPOHbI

«HOBbIE» HENPOHDI

«N3MEHEHMEe» cneunannsaumm HempoHa
«YTOYHEHMe» cneymanmsaunm HempoHa
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Published 1n final edited form as:
Biol Psychiatry. 2008 April 1; 63(7): 650-655.

(¥
H e M o re H e3 New Interneurons in the Adult Neocortex: Small, Sparse, but
p Significant?

Heather A. Cameron and Alexandre G. Dayer

From the Unit on Neuroplasticity, Mood and Anxiety Disorders Program, National Institute of Mental
A Neocortex B Health, National Institutes of Health, Bethesda, MD (HAC); and Department of Adult Psychiatry,

Centre Médical Universitaire (CMU), Geneva, Switzerland (AGD)

BrdU-labeled (new) neuron

BrdU-labeled non-neuron
mature interneuron (A) or
granule neuron (B)

mature pyramidal
neuron

Figure 2.

Regional Differences Make New Neurons More Difficult to Find in Neocortex than in Dentate
Gyrus. A. The large neocortical volume, large number of pyramidal neurons, and large number
of BrdU-labeled non-neurons make new neocortical mntemeurons difficult to detect and

recognize. B. The organization of newbom and mature granule cells in the dentate gyrus. small
volume of the granule cell layer, and relatively small number of newbom non-neurons make
it easier to detect the same relative number of new neurons (1 new neuron for every 5 mature
neurons of the same type. in both A and B). This cartoon under-represents the differences
between the two regions in at least two ways. First, the ratio of dentate gyrus new neuron
density to neocortical new neuron density 1s 14:1 in the cartoon and greater than 1000:1 i the
rodent brain (see Table 1). Second, the ratio of BrdU-labeled non-neurons to BrdU-labeled
neurons 1s 10:1 in the cartoon (part A) and greater than 200:1 in the rodent neocortex.



Published in final edited form as:
Cell Stem Cell. 2011 November 4: 9(5): 385-386. doi:10.1016/j.stem.2011.10.007.

Postnatal neurogenesis in the human forebrain: from two
migratory streams to dribbles

Zhengang Yang', Guo-li Ming234, and Hongjun Song?234
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MOLECULAR AND BEHAVIOURAL MECHANISMS OF
MEMORY RETRIEVAL AND RECONSOLIDATION (IBRO
2007, Australia)

¢ Frankland (Canada): adult-generated cells incorporated
info memory networks

weeks of age - axon has
extended info CA3 and
dendritic processes have
extended into the outer edge
of the ML.

weeks - spines begin to
,, 55 | develop
e a st g e it eueaetcdRsson O sy weeks - new neurons have
i e petye ol lower threshold for LTP, LTD

and are more excitable.

"By the time the cells are 4 or more weeks of age, they are more likely than
existing granule cells to be recruited into circuits supporting spatial
memory."
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KoHconunaauus

[ «nepexod» KpaTKoOBpeMEHHOW NamATn B
OONTTOBPEMEHHYH

0 HyXHbl NOBTOPHLIE akTMBaLMXU HENPOHHOW rpynnbl



BaXXHOCTb «wWwyma» ans
00y4eHUS

https://www.youtube.com/watch?v=prfxjrzO Ok




BHYTPUKNETOYHbLIU YPOBEHb

1962 - Hyden:
B aTo «BpemeHHOe okHO» (1-2 yaca)
KOHCONMUAaLumMm B MO3re XXMBOTHbIX
yBenunumBaetca cuHte3 PHK n 6enka (nnaHapum);

From one point of view, then, we may say that DNA stores an organism's "ancestral
memories' in coded form; that is, DNA 'remembers' what an organism's progenitors
were like. Professor Hydén theorized that RNA might encode or "romember' an organ-
ism's own personal memories, that RNA might well be the '"tablet' on which the fingers
of experience wrote (by changing the chemical "code'" carried by the RNA molecule). To
test his theory, Hydén performed experiments with rats and rabbits. First, Hydén dev-
cloped a beautiful technique for taking large single cells from the nervous system, cut-
ting them open individually by hand with an incredibly tiny scapel and scraping out the
protoplams inside each cell. With microanalytic techniques, he was then able to measure
rather subtle changes in the RNA found in these cells. :Then he took two groups of rats to
work with. The first group was trained to balance on a taut wire in order to reach food;
the second group was given passive exercise but did not learn the balancing trick. Hydén
found that the gross amount of RNA increased markedly in cells taken from both groups
of animals, but qualitative changes in the RNA (that is, apparent changes in the ''code"

1963 - Flexner et al.:
Bnokaga cuHTe3a 6enka BoO "BpeMeHHOe OKHO"
KOHCONUAaLuMmM HapyllaeT JONrOBPEeMEeHHYo
namsaTuy;
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“YMHbIe” Mbiwn (Tsien, 2000)
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JKcnpeccua paHHUX reHos

Hwn3knn ypoBeHb B KOHTpOre

npOVICXO,EI,I/IT rnpu 06yqu|/||/|

OueHb 6bIcTpo (MUH ans mMPHK)

[MponcxoanT B HEMPOHaX

PacnpeneneHa no cTpykrypam
Mo3ra

3asucut ot aktnBHoct NMDA-R

BoBneyeHa B AONTOBPEMEHHbIE
N3MEHEeHUs1 PYHKLIMOHNPOBAHWS

TpebyeTcsa anst KoHconMaauum
OONroBpeMEHHON NamMaATn




eH arc

[ n3meHeHust akTUBHOCTU reHOB

Guzowski et al.



Arc B HOBbIX HEUPOHAaX

[l HeoHewuporeHes

Jessberger & Kempermann, 2003
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0 HyXHbl NOBTOPHLIE akTMBaLMXU HENPOHHOW rpynnbl
0 HyXHbl UI3BMEHEHUS BHYTPU KNETOK JaHHOW HEMPOHHOW rpynnbl
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CTPYKTYPHbIe U3SMEHEHUSRA

‘ Figure 2 Dendritic branches are stable over weeks.

Trachtenberg et al., 2002
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NameHeHue KonunyectBa LULUNMUKOB
Ha AeHaopuUTax

Persistent and Transient Spines in the Neocortex

Spines are motile structures. They can undergo morpho-
logical changes on timescales of seconds and minutes
(Bonhoeffer and Yuste, 2002; Dailey and Smith, 1996;
Fischer et al., 1998; Lendvai et al., 2000). Complete re-
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Holtmaat et al., 2005
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Spine formation (%)

N3meHeHUue KorimyecTBa LLUMMUKOB Ha

AeHApuUTax npu oby4yeHuwm
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PetoBeHMnu3auua — peaktuBauus
npoLeccoB pa3BUTUA NP
o0y4yeHUu

0 mogudmkauma yHKLUUOHaNbHbLIX CBOUCTB
HEWPOHOB

[ perynauua akcnpeccumn reHoB
[ CTPYKTYpHble N3MEHEHNS
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[ «nepexod» KpaTKoOBpeMEHHOW NamATn B
OONTTOBPEMEHHYH

0 HyXHbl NOBTOPHLIE akTMBaLMXU HENPOHHOW rpynnbl
0 HyXHbl UI3BMEHEHUS BHYTPU KNETOK JaHHOW HEMPOHHOW rpynnbl
0 Hy>XHbl "AMEHEHUA CTPYKTYPbl CBA3EN MeXay HeUpOHaMu



OBYYEHWE — doopmupoBaHme HEMPOHHOW rpynnbl, aKTUBHOCTb
KOTOPOW CBA3aHa C 9TOMN OeATENbHOCTLIO
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OOy4yeHue 0e3 co3HaTeNbHOro oT4yeTa

(a) The mirror-tracing task

(b) Performance of H.M. on mirror-tracing task
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The Claparede phenomenon: A further example in
amnesics, a demonstration of a similar effect in normal
people with attenuated memory, and a reinterpretation

Peter Meudell & A. Mayes

Current Psychology 1, 75-88(1981) | Cite this article
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