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Abstract

Introduction:  Long-lasting  memory  formation  requires  that  groups  of  neurons  processing  new

information develop  the  ability  to  reproduce  the patterns  of  neural  activity  acquired  by expe-

rience.

Development:  Changes  in synaptic  efficiency  let  neurons  organise  to  form  ensembles  that

repeat certain  activity  patterns  again  and  again.  Among  other  changes  in  synaptic  plasticity,

structural  modifications  tend  to  be long-lasting  which  suggests  that  they  underlie  long-term

memory. There  is a  large  body  of  evidence  supporting  that experience  promotes  changes  in the

synaptic structure,  particularly  in the  hippocampus.

Conclusion:  Structural  changes  to  the  hippocampus  may  be  functionally  implicated  in stabi-

lising acquired  memories  and  encoding  new  information.

© 2012  Sociedad  Española  de  Neuroloǵıa.  Published  by  Elsevier  España,  S.L.U.  All  rights

reserved.

PALABRAS  CLAVE
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Plasticidad  sináptica  estructural  en  el  hipocampo  inducida  por  la experiencia  espacial

y  sus  implicaciones  en  el  procesamiento  de  información

Resumen

Introducción:  Para  formar  memorias  perdurables,  es  necesario  que  los grupos  de  neuronas

encargados  de  procesar  la  información  que  adquirimos  desarrollen  la  capacidad  de  reproducir

los patrones  de  actividad  que  se  forman  a través  de  la  experiencia.

Desarrollo:  Los  cambios  en  la  eficiencia  sináptica  permiten  que  las  neuronas  se  organicen  en

«ensambles» y  reproduzcan  una  y  otra  vez  estos  patrones  de actividad.  Entre  los  cambios  en

la eficiencia  sináptica  están  las  modificaciones  en  la  estructura,  las  cuales  tienden  a  perdurar

� Please cite this article as: Carasatorre M, Ramírez-Amaya V,  Díaz Cintra S. Plasticidad sináptica estructural en el  hipocampo inducida
por la experiencia espacial y sus implicaciones en el  procesamiento de información. Neurología. 2016;31:543—549.

∗ Corresponding author.
E-mail address: yoldi@unam.mx (S. Díaz Cintra).
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por  mucho  tiempo  y  por  ello  se  les  vincula  con  la  memoria  a  largo  plazo.  En  la  literatura  existe

amplia  evidencia  de que  la  experiencia  promueve  modificaciones  en  la  estructura  sináptica,

particularmente  en  regiones  como  el  hipocampo.

Conclusión:  Las implicaciones  funcionales  de estos  cambios  en  el hipocampo  incluyen  un

posible papel  en  la  estabilización  de los recuerdos  adquiridos  y  en  la  codificación  de  nueva

información.

© 2012  Sociedad  Española de Neuroloǵıa.  Publicado  por  Elsevier  España,  S.L.U.  Todos  los  dere-

chos reservados.

Memory and  its underlying neuronal
mechanisms

One  of  the  most remarkable  features  of  humans  and  other
animals  is  their  ability  to learn  and  remember.  Humans
can  recognise  stimuli  encountered  long  before,  such  as  the
face  of  someone  we met  years  ago. We  can also  establish
long-lasting  associations  between  stimuli  such that  we  are
consistently  startled  by  car  horns  and  are able  to recog-
nise  our  childhood  surroundings  and still  find  the  small  shop
where  we  used  to  buy sweets.

The  information  that we  obtain  and keep  in our  memory
is  represented  in the  central  nervous  system  by  the  coordi-
nated  activity  of  groups  of neurons  that  develop  the  ability
to  repeat  activity  patterns  acquired  through  experience.
This  idea  shows that  the information  underlying  cognitive
processes,  including  memory, is  represented  in the  central
nervous  system  by groups  of  neurons  called  ‘ensembles’.1

This  is  known  as population  coding.2 A  graphic  way  to  explain
this  concept  is  to  compare  neuronal  units  with  the  letters
of  the  alphabet:  it is  not  letters  that convey  information
but  rather  the combination  of  letters  and the  order  in which
they  are  combined  that creates  meaningful  words  and  sen-
tences.

Plasticity and  neuronal  ensembles

Renowned  neuroanatomist  Santiago  Ramón  y  Cajal
introduced  the hypothesis  that  changes  in synaptic
connectivity  of  the  CNS  could  provide  the substrate  for
memory.3 It  was  not  until  the middle  of  the past  century
that  Donald  Hebb  (1945)  formally  introduced  what  is known
today  as  ‘Hebb’s  postulate’:  ‘‘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  process  or  metabolic
change  takes  place  in one  or  both  cells  such  that A’s
efficiency,  as  one  of  the  cells  firing  B,  is  increased’’.

Lorente  de  Nó’s  concept  of  the ‘reverberating  circuits’
became  Hebb’s  empirical  basis  for explaining  that  the
reverberation  in ‘neuronal  ensembles’  was  the mechanism
strengthening  synaptic  connections  within  the  ensemble,
which  resulted  in the  ability  to  repeat  activity  patterns  gen-
erated  through  experience.  Ensembles  can  repeat  activity
patterns  generated  either without  external  stimuli  (off-line
activity  patterns)  or  with  partial  stimulation  using  informa-
tion  related  to  the event  that  motivated  memory  creation
(on-line  activity  patterns).

There  are  several  types  of  changes  in synaptic  effi-
cacy  and  some  are more  long-lasting  than  others.  More

specifically,  changes  in the  structure  of  synaptic  connec-
tions  tend  to last  longer  and may  therefore  be involved  in
long-term  memory.4

Where can  population  coding  and  ensemble
dynamics be  studied?

The  hippocampus  has  shown  itself  to  be the most  suitable
localisation  for  identifying  and  studying  neuronal  ensembles
due  to  its anatomical  location,  the  physiological  character-
istics  of  the  neurons  forming  it,  its  plasticity,  and  its  role  in
memory  creation.

For  more  than  50  years  now,  we know  that  the  hip-
pocampus  is  essential  for  memory  creation.5 We  also  know,
thanks  to  subsequent  studies  in  animal models,  that  the  hip-
pocampus  is  involved  in processing  episodic  information,
which  includes  both  spatial  and temporal  information.6,7

The  mechanisms  underlying  synaptic  plasticity,  such  as
long-term  potentiation  (LTP),  can  also  be  studied  in the
hippocampus  using  animal  models.  In this  model  of plastic-
ity,  postsynaptic  response  to  low-frequency  pulses  increases
in the  long  term  after  applying  trains  of  high-frequency
stimulation.8,9 With  this experimental  model,  synaptic
efficacy  has  been  shown  to  vary  depending  on  the  path-
way’s  activity  history,  more  specifically  in  the  synapses  of
the  stimulated  pathway.9,10 This  finding,  which  served  as
the  empirical  basis  for  Hebb’s  postulate,  was  suggested  as
the  mechanism  underlying  spatial  memory  consolidation  in
the  hippocampus.11 However,  according  to  Hebb’s  original
idea,  the growth  processes  that  may  take  place  can  be
interpreted  as  changes  in  the  structure of  synaptic  connec-
tions.

Does experience  change cerebral  synaptic
structure?

Empirical  evidence  of  the  changes  in  neuronal  structure
as  a consequence  of  experience  began  to  be  published
in  the early  1960s,  when Rosenzweig  et al.  introduced
the  paradigm  of  the ‘enriched  environment’.12 Initially,
these  authors  found  that  enriched  environments  had  an
effect  on  gross  parameters,  including  brain  weight  and brain
protein  and  nucleotide  content.12 In  subsequent  studies,
environmental  enrichment  was  proved  to increase  dendritic
branching  and  the  number  of dendritic  spines.13 The  key
lesson  is  that  since  then,  a  connection  between  structural
changes  and  improved  learning  skills  has  been described.
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Greenough  and Anderson14 supported  the  idea  that
experience  modifies  the anatomical  structure  of  neuronal
networks.  Using  electron  microscopy,  these authors  demon-
strated  that  the size  of  synaptic  contacts  in the cerebellum
and  cerebral  cortex  would  increase  as  a result  of  developing
motor  skills.

In  the  1990s,  Geinisman  proved  that  LTP  induction  via
perforant  path  stimulation  increases  the density  of  synap-
tic  contacts  in dentate  granule  cells.15 In 1997,  Escobar
et  al.16 used  Timm  staining  to  observe  that  inducing  mossy
fibre  LTP  increases  density  of  mossy  fibre  boutons  in the
stratum  oriens  of  CA3.  These  studies  demonstrated  the  high
structural  plasticity  of  the hippocampus.  However,  the  ques-
tion  of  whether  those  changes  could  occur  in response  to
behaviour  still  remained  unanswered.

Experience-dependent structural synaptic
plasticity in the  hippocampus

In  1979,  Altschuler  provided  the first  evidence  of  structural
synaptic  plasticity  in the  hippocampus  in response  to  differ-
ential  experiences  and training.17 In that  study,  rats housed
in  enriched  environments,  including  maze  training,  were
compared  to  controls  undergoing  sessions  on  a  motorised
treadmill  and  to  non-enriched  controls.  Electron  microscopy
displayed  a  marked  increase  in synaptic  density  in the area
CA3.

In  1994,  Moser  et  al.18 compared  dendritic  spine  density
between  rats  exposed  to  complex  environments  promoting
spatial  learning  and  both  control  rats  housed  in pairs  and
control  rats  housed  individually.  These  authors  used  confocal
microscopy  to analyse  dendritic  trees  of CA1  pyramidal  neu-
rons  after  intracellular  iontophoretic  staining  with  Lucifer
yellow  and  observed  increased  spine  density  in the  group
exposed  to  a  complex  environment.  Likewise,  the  rats  in
this  group  performed  better  in the  water  maze  task  than
controls.  According  to a  subsequent  study,19 animal  models
exposed  to  complex  environments  displayed  increased  spine
density  in  only  one  subgroup  of  dendritic  segments  in the
stratum  oriens  of area  CA1;  this  was  not  the case  in isolated
animal  models,  which  showed  low spine  density  compared
to paired  animals.

Using  electron  microscopy  in  1997,  Ruzakov  et  al.20 found
that  training  with  a water  maze  promoted  changes  in  the  dis-
tribution  of  CA1  synaptic  contacts;  however,  no  changes  in
synaptic  density  were  observed,  probably  due  to  the den-
dritic  segments  analysed.19

In  the  late  1990s,  Ramírez-Amaya  et  al.21 conducted  a
study  using  Timm  staining  and  proved  that  spatial  water
maze  overtraining  resulted  in increased  density  of  mossy
fibre  boutons  in  the  stratum  oriens  of  area  CA3.  Electron
microscopy  confirmed  the results  and  showed  that these
structural  changes  did  not occur  in animals  exposed  to  stress
or  swimming.21 Another  study  found  that  water  maze  train-
ing  for  4 to  5  days  led to  improved  performance  on  memory
tests at  7 and  30  days  after  training  compared  to  animals
trained  for  1  to  3 days.22 Water  maze  performance  was  pos-
itively  correlated  with  the  density  of  mossy  fibre  boutons
in  the  stratum  oriens of  area CA3,  which  suggested  that

increased  mossy  bouton density  might  be  linked  to spatial
memory  formation.22

Rekart  et  al.23 used these  findings  to  create  a model
to  study  structural  synaptic  plasticity  in  the hippocampus
related  to  spatial  learning.  Using  Timm  staining  and  other
markers  such  as synaptophystin,24 these  authors  observed
what  they  called  ‘mossy  fibre  terminal  field  expansion  to
the  stratum  oriens’  in area  CA3  in 2 rat strains.  Long  Evans
rats24 performed  better  on  spatial  tasks  than  Wistar  rats,
the  strain  that  had  been used  previously.21,22 This  rat strain
also  showed  increased  mossy  fibre  terminal  field  inner-
vation  of the  stratum  oriens  of CA3  before  any  spatial
training.24 Likewise,  Long  Evans  rats  displayed  significant
mossy  fibre  terminal  field  expansion  to  the  stratum  oriens
of  area  CA3  24  hours  after  the  last  day of  water  maze train-
ing,  while  Wistar  rats  began  showing  expansion  7  days after
acquisition.25 The  authors  of these  studies  state  that  these
structural  changes  may  contribute  to  memory  formation
and  facilitate  subsequent  execution  of  spatial  navigation
strategies.24 According  to Rekart  et  al.,26 increased  density
of  mossy  fibre  contacts  in  response  to  water  maze  train-
ing  was  not observed  in  mice.  However,  another  research
group  using  Timm  staining  found  that  water  maze  train-
ing  in C57  mice  increased  mossy  fibre  synaptogenesis  in the
stratum  oriens  of  CA3.27 Behavioural  factors  are  insufficient
to  explain  the differences  between  results;  the environ-
ments  in which  the animals  were  studied  may  constitute  a
possible  explanation.  As  the  rat develops,  mossy  fibres  have
been shown  to  expand  to  the stratum  oriens  in CA3  and  sub-
sequently  retract;  these  processes  are activity-dependent.28

According  to  these  findings,  isolated  animals  show  retrac-
tion  of  mossy  fibre  projections  to  the  stratum  oriens,  while
animals  housed  in an enriched  environment  may  display  pre-
served  mossy  fibre  projections.

A  larger  area capturing  Timm  staining  in  the stratum
oriens  of  animals  undergoing  water  maze training  has  been
regarded  as  indicative  of  synaptogenesis21,22;  consequently,
electron  microscopy  has  shown  that  water  maze  training
increases  volume  and  complexity  of  thorny  excrescences
in  apical  dendrites  of  CA3  pyramidal  cells,29 where  mossy
fibres  synapse.  Using  high-resolution  confocal  microscopy
and  a sophisticated  image  analysis  procedure,  Galimberti
et al.30 demonstrated  that exposure  to  an  enriched  environ-
ment  increases  the volume  and  complexity  of  mossy  fibre
boutons  that contact  CA3  dendrites  in the  rat hippocampus.

Experimental  evidence  shows  that changes  in the density
of  mossy  fibre  synapses  are induced  only  by  hippocampus-
dependent  spatial  tasks  rather  than  navigation  tasks
independent  of  hippocampal  function.24,31

There  is  no  doubt  that  hippocampus-dependent  spatial
experience  results  in increased  density  and  complexity  of
mossy  fibre  boutons  contacting  CA3  pyramidal  cells  in  the
hippocampus.  Only  one question  remains  to  be answered,
which  we  will  address  in the  following  section.

What  is the functional significance  of
experience?

Dentate  granule  cells  give  rise to  mossy  fibre  axons;
some  of  their  terminals  are large  boutons  with  very
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distinct  characteristics  which synapse  with  ‘thorny excres-
cences’  in CA3  pyramidal  cell dendrites,32,33 while  filopodial
extensions  of the mossy  terminals  innervate  inhibitory
interneurons.34 Mossy terminals  co-release  glutamate,  zinc,
and  neuropeptides.35 They  have  such a powerful  input36 that
in  1987  McNaughton  and  Morris37 considered  them  to  be the
triggering  factor38 for  spike  activity  in CA3  pyramidal  cells.

One  old  hypothesis  is  that  the dentate  gyrus  orthog-
onalises  information  patterns  coming  from  the entorhinal
cortex.39 Following  this  line  of thought,  during  spatial  infor-
mation  processing,  2%  to 3% of  neuronal  units  are  recruited
in  the  dentate  gyrus,40—42 which  reflects  a  sparse  coding  that
may  enable  optimal  pattern  separation,  since  recruiting  the
same  ensemble  in different  representations  is  less  probable.

CA3  axons,  in  addition  to  projecting  afferences  to  CA1
pyramidal  cells,  also  project  recurrent  collateral  fibres
contacting  CA3 pyramidal  cells,  creating  a fascinating  proxi-
mal/distal  and  septal/temporal  gradient;  this is  their  salient
feature.43 It has  been  suggested  that  CA3  recurrent  network
operates  as  an auto-associative  memory  system,37,44 which
is  essential  to memory  formation.  The  CA3  network accen-
tuates  the  differences  between  representations,  leading  to
excellent  pattern  separation,  as  occurs  with  the  dentate
gyrus.  However,  one  characteristic  exclusive  to the  CA3  net-
work  is  its  ability  to  perform  pattern  completion.45 For  this
reason,  the  idea  that  CA3  is  the  main  information  storing
mechanism  of the  hippocampus  seems  feasible.46

Input  to CA3  pyramidal  cells  is  diverse.47 Although  input
from  the  dentate  gyrus  via  the  mossy  fibres  is  extremely
sparse,48 it  is  crucial  for  CA3  function.36 While  only  10  to
18  mossy  synapses  contact  each  pyramidal  cell,  the  number
of  synapses  per  pyramidal  cell  in weaker  pathways,  such
as  CA3  collaterals  or  pathways  from  CA1, runs  to  several
thousands.49

CA3  pyramidal  neurons  receive  information  on  the dis-
tance  covered  by  the  animal  directly  from  the entorhinal
cortex  via the perforant  path;  the same  information  also
travels  to  CA3  via  the  dentate  gyrus.  Thus,  mossy  fibres
duplicate  the information  that  CA3  cells  receive  from  the
entorhinal  cortex.  It has therefore  been  suggested  that
mossy  fibres  direct  storage  of  new  representations;  the
perforant  path in turn  transmits  the  cues  that initiate
retrieval  of  previously  stored  representations.50 Thanks  to
its  recurrent  connections,  CA3  compares  patterns,  engag-
ing  in  statistical  pattern  completion  to recognise  familiar
stimuli  and  separating  them  when  representations  are dif-
ferent.

Computational  models  propose  that mossy  fibres  induce
activity  patterns  that  are relatively  independent  from  any
inputs  received  from  CA3  and have  a  tendency  to  promote
new  information  over  activity  patterns  corresponding  to
the  traces  of previously  acquired  memories.51 Thus,  older
memories  prevail  when  activity  of  the recurrent  collat-
eral  connections  is  more  pronounced  statistically.  However,
when  a  new  activity  pattern  is  stored,  it is  first  recoded  and
transformed  in the  dentate  gyrus  network  and  then  trans-
mitted  via  the  mossy  fibres  as  an apparently  random  pattern
arriving  at the  CA3 network.50

The  function  of mossy  fibres  is  therefore  to  manage
new  information  encoding  rather  than  to  retrieve  previ-
ously  stored  information.  This  is  apparently  explained  by
the  fact  that  mossy  fibres,  even  when presenting  associative

plasticity,  are  unable  to  store  information  because  their
input  is  too  sparse.52

Experimental  evidence  supports  this hypothesis.  Some
studies  have shown  that  reversible  inactivation  of  CA3  ter-
minals  by  injecting  diethyldithiocarbamate  while  the  water
maze  task  is  being  trained  has  a negative  impact  on  mem-
ory  test  results.53 However,  if terminals  are inactivated
immediately  before memory  retrieval,  performance  is  not
affected.54,55 Inactivation  of  mossy  fibres  also  affects  the
acquisition  of  recognition  tasks.56 This  supports  the  idea
that  the dentate  gyrus  manages  information  storage  in CA3,
establishing  not  only  new  discrete  patterns  of activity51 but
also  new,  complete  representations.52

On the other  hand,  sparse  coding  in the  dentate  gyrus
and  its  sparse  input  to  CA3  may  be essential  for  storing
new  information  in CA3.  This  postulate  was  analysed  in
a  recent  study51 with  a  model  using  values  of  different
functional  characteristics  of the  dentate  gyrus  and  CA3,
assuming  a  fixed  mossy  fibre  input  strength.  These  values
were  calculated  using  experimental  methods.  Simulation
of  the  computational  model  showed  that  the  memory  sys-
tem  has  very  sparse  connectivity.  However,  these  authors
also  observed  that  the high  degree  of  sparseness  leads  to
decreased  information  input,  which  means  that the system
will  not  function optimally  if input  provided  by  mossy  pro-
jections  is  too  reduced.52 We  should  highlight  that  during  the
development  of  the  rat hippocampus,  mossy  fibre  input  to
CA3  projects  profusely  to  the stratum  oriens,  but  these  fibres
retract  when  stimulation  is  poor.28 This  means  that  mossy
projections  will  be more  abundant  if the animal  develops
in an environment  that  stimulates  hippocampal  function,
which  in turn  leads  to  optimal  input  enabling  information
storage  in CA3.  In  contrast,  when the  environment  is  poor,
mossy  projections  will  be sparse  and their  input  will  conse-
quently  be  suboptimal,  which  will  reduce  the ability  of  the
hippocampus  to  encode  new  information.

This  is  consistent  with  studies  reporting  that  geneti-
cally  related  animal species  occupying  different  habitats
present  marked  differences  in density  of  CA3  infrapyramidal
mossy  fibre  projections.  These  projections  are  associated
with  better  performance  on  spatial  tasks.57—59 Likewise,
density  of  mossy  boutons  in  the infrapyramidal  pathway
in different  rat strains  predicts  performance  on  differ-
ent  hippocampus-dependent  tasks.60 Pigmented  mice  (DBA
is  the oldest endogamic  strain)  presented  lower  densities
of  mossy  contacts  in the infrapyramidal  pathway  com-
pared  with  C57  mice  (black);  consequently,  mice  of  the
latter  strain  performed  better on  hippocampus-dependent
tasks.61,62 Density  of mossy  projections  of  the infrapyrami-
dal  pathway  shows  a  positive  correlation  with  performance
on  the water  maze  task,62,63 which  is  also  correlated  with
other  hippocampus-dependent  tasks.64

In  light  of  this evidence,  we  might  conclude  that  forma-
tion  of  new mossy  synapses  in  the stratum  oriens  of  CA3  in
response  to  experience21,22 is  a plastic  change  that  improves
encoding  of new  spatial  memories.  This  is  in line  with  rat
studies  showing  that  exposure  to  spatial  tasks  during  adoles-
cence  increases  density  of  mossy  fibres  in  the  stratum  oriens
of  CA3  and  improves  performance  of  new  spatial  tasks  in
adulthood.65,66 In  conclusion,  the  role  of  mossy  fibre synap-
togenesis  in response  to  spatial  experience  is  to  improve
information  encoding  in  the  hippocampus.
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However,  returning  to Hebb’s  postulates  and assuming
that  structural  synaptic  plasticity  is  the  most  long-lasting,4

the  idea  that  these  structural  changes  may  also  be  involved
in  storing  acquired  memories  is  still  valid,  as  has  been  pre-
viously  suggested  based  on  the positive  correlation  between
density  of  mossy  boutons  in the stratum  oriens of  CA3  and
performance  on  the  water  maze  memory  task.22 Suppor-
ting  this  hypothesis,  a  recent  study  showed  that  behavioural
experience  promotes  an increase  in the  density  of connec-
tions  between  inhibitory  cells  and  mossy  fibres,  which  makes
retrieval  of  acquired memories  more  precise.67 We  should
highlight  that  the dentate  granule  cells  connect  with  their
postsynaptic  targets  by  means  of  3  types  of  terminals:  large
mossy  terminals,  which  contact  thorny  excrescences  of CA3
pyramidal  cells  and  CA3  mossy  cells  in the hilar  region;
thin  filopodial  extensions  of  the  mossy  terminals,  which
mainly  contact  inhibitory  interneurons;  and en  passant
synaptic  varicosities,  which  also  contact  interneurons.34

Interestingly,  density  of  interneuron  contacts  with  filopodial
extensions  is  10  times  higher  than the density  of  contacts
between  large  mossy  terminals  and pyramidal  neurons.34

According  to  the study by  Ruediger  et  al.,67 one  session  of
fear  conditioning  or  several  sessions  of  water  maze  learning
during  an  8-day  period  led  to  increased  density  of  filopo-
dial  extensions  compared  to  large mossy  terminals.  This
was  interpreted  as  an  increase  in feedforward  inhibition.  In
line  with  this  idea,  water  maze training  was  also  observed
to  induce  a  significant  decrease  in the number  of  neurons
involved  in  memory  retrieval;  activity  was  evaluated  by
measuring  expression  of  an immediate  early  gene.  These
changes  in  the  density  of mossy  contacts  with  inhibitory
interneurons  are  temporarily  correlated  with  the precision
of  a  previously  acquired  memory.67 These  results  support
the  idea  that  increased  density  of  mossy  contacts  may  be
related  to  more  precise  information  storage.

Although  this hypothesis  seems  to contradict  the  idea
that  increased  density  of  mossy  contacts  improves  new
information  encoding,  we  feel that  these  2  tasks  are not
necessarily  mutually  exclusive.  While  encoding  of  new  infor-
mation  improves  thanks  to  increased  numbers  of  mossy
fibres,  it  is possible  that  the  circumstances  in which  off-line
activity  promotes  plasticity25 may  also  improve  encoding
of  information  acquired  while  performing  the task  induc-
ing  structural  changes;  this may  not  necessarily  imply  that
mossy  fibre  synaptogenesis  affects  old  memory  retrieval.

Experimental  evidence  and the models  that  have  been
proposed  lead  us to  support  the  idea  that  mossy  fibre
synaptogenesis  in response  to  spatial  learning  promotes  an
overall  change  in hippocampal  function.  That  being  said, it
is  possible  that  synaptogenesis  also  influences  other  gen-
eral  mechanisms  of hippocampal  network  function,  such
as  statistical  pattern  completion.68,69 This  includes  pat-
tern  separation  and completion;  the  former  allows  the
hippocampal  network  to  optimally  distinguish  between  dif-
ferent  representations,  and the latter  process,  to  retrieve
previously  stored  memories  efficiently.45,46,70

Finally,  in  order  to  establish  a  connection  between
changes  in  mossy  contact  density  and  information  storage
we  first  need  to  determine  whether  those  changes  occur  in
the  neurons  involved  in information  processing.

Thorough  experimental  studies  and  greater  attention
to  models  of  hippocampal  function will  be  necessary  to

conclusively  establish  the functional  role  of  mossy  fibre
synaptogenesis  in  response  to experience.  In any  case,
the  current  model  of  synaptic  plasticity  is  extremely  valu-
able  and enables  identification  of mechanisms  essential  for
understanding  information  processing  in the  CNS.  In  addi-
tion,  this  model  will  probably  be useful for  identifying
neuronal  units  involved  in long-term  memory.
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