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TALK OUTLINE 
• General introduction
• H ip p ocam p us  f ocus
• E x p erim ental data f ocus
• B as k et cell f ocus
• M odelling ap p roach  1  – s im ulations  and ad-h oc 
analy s es  ( s y nap tic dep res s ion)

• M odelling ap p roach  2  – s im ulations  and link ing  to 
ex p erim ental data ( g ap  j unctions )

• C los ing



Behavioural State

In terac tin g  d y n am ic s
Bid irec tion ality



Focus and Context



“W e l c o m e  t o  t h e  h i p p o c a m p a l w o r l d ! ”  ☺



The hi p p o c a m p a l c o r t ex  i s  a n  i n t en s el y  
s t u d i ed  r eg i o n  o f  t he b r a i n  b ec a u s e:

• I t is  am enab le to ex p erim ent,  retaining  its  
s y nap tic circuitry  and th us  p op ulation activ ities  
in th e s lice.
• I t is  as s ociated w ith  m em ory  and learning  
( i. e. ,  L T P ,  L T D ) ,  ep ilep tic s eiz ures ,  and 
neurog enes is .   
• I t ex h ib its  a w ide rang e of  p op ulation activ ity  
p atterns  ( < 1  to > 2 0 0  H z )  th at are as s ociated 
w ith  v arious  b eh av ioural s tates .
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H i p p o c a m p u s  a n d  c o n v en t i o n a l  s l i c e p r ep a r a t i o n



Layers, signal flow, cell types



In t e r n e u r o n s
(GABAergic n o n p rin cip a l cel l s  o r I n h ib it o ry  n eu ro n s )

“I n t er n eu r o n s  a r e p a r t  o f  a n  ex t en s i v e 
i n hi b i t o r y  n et w o r k  w hi c h p l a y  a n  es s en t i a l  r o l e 
i n  m o l d i n g  t he s y n c hr o n o u s  r hy t hm i c  o u t p u t  o f  

p r i n c i p a l  c el l s . ”
F reund and B uz s ák i,  H ip p ocam p us  6 : 3 4 7 -4 7 0 ,  1 9 9 6



In tern euron s  
rep res en t 1 0 -2 0 %  
of  the n euron al 

p op ulation  b ut m ay  
p rovid e the p rec is e 
tem p oral s truc ture 
n ec es s ary  f or 
en s em b les  of  

n euron s  to p erf orm  
s p ec if ic  f un c tion s .



T wo types of popu lation activ ities 
ob tained  in wh ole h ippocam pu s and  
th ick  slice preparations ( … th at 

critically d epend  on inh ib itory cell 
participation)

• S p o n t a n eo u s  rh y t h m ic f iel d  
p o t en t ia l s  (S R F P s )

• S h a rp  w a v e-rip p l es  (S P W - rip p l es )



L . Z han g et al.

S P W -r i p p l e S R F P



S t a b l e  p o p u l a t i o n  a c t i v i t i e s  a n d  
r e l a t i o n s h i p  b e t w e e n  S R F P s a n d  S P W s

I nitial tim e

A n h our and a h alf  later



W ha t  a r e t he c el l u l a r  a n d  n et w o r k  m ec ha n i s m s  
u n d er l y i n g  t hes e p o p u l a t i o n  a c t i v i t i es ?

( i . e. ,  i n t er a c t i o n s  b et w een  i n t r i n s i c  a n d  s y n a p t i c  
d y n a m i c s  n eed  t o  b e u n d er s t o o d . )



W h at m od el( s)  to b u ild ?  



In tern euron s  
rep res en t 1 0 -2 0 %  
of  the n euron al 

p op ulation  b ut m ay  
p rovid e the p rec is e 
tem p oral s truc ture 
n ec es s ary  f or 
en s em b les  of  

n euron s  to p erf orm  
s p ec if ic  f un c tion s .



I nterneurons and electrical os cillations .  
Sc hem atic  f rom   E . I.  M os er,  N ature,  2 0 0 3 ,

s how in g  the ac tivity  p rof iles  of  three ty p es  of  hip p oc am p al
in tern euron s d urin g  tw o b rain  s tates

( b as ed  on  the f in d in g s  of  K laus b erg er et al. ,  2 0 0 3 ) .
Colours i n d i c a t e  t h e  p rob a b i li t y  t h a t  a  g i v e n  i n t e rn e uron  w i ll f i re  

(m a x i m um  re d ,  m i n i m um  b lue ) .  T h e  v a ri a t i on  w i t h i n  e a c h  g roup  i s sm a ll,  
sug g e st i n g  t h a t  c la sse s of  i n t e rn e uron s e x e rt  p re c i se  c on t rol 
ov e r d i st i n c t  a sp e c t s of  h i p p oc a m p a l n e t w ork  d y n a m i c s



P arv alb um in-containing  GA B A erg ic interneuronal
netw ork s  m ay  b e a f undam ental s tructure of  th e 
cereb ral cortex  ( F uk uda and K os ak a,  2 0 0 0 )

“B ask et C ells”



B a s k e t  c e l l s  ( B C s )  e x h i b i t  s y n a p t i c  
d e p r e s s i o n  ( M a c c a f e r r i e t  a l . ,  2 0 0 0 )

M c Bain P ers p ec tive



Short-term  P las tic ity :  p hen om en olog ic al m od el
(T sod y k s a n d  M a rk ra m ,  1 9 9 7 )



S y nap tic D ep res s ion ( s h ort-term  p las ticity )  m odel



“N ov el B urs ting  P atterns  E m erg ing  f rom  
M odel I nh ib itory  N etw ork s  w ith  S y nap tic D ep res s ion”

Iapp,1

1 2
τ D ,1

τ D ,2

Iapp,2

J a li l,  G ri g ull a n d  S k i n n e r,  sub m i t t e d



In trin s ic  P rop erties

Iapp,1

1 2
τ D ,1

τ D ,2

Iapp,2

F ull tw o-c ell s y s tem  w ould
b e a 1 0 -d im en s ion al 

N on lin ear s y s tem  of  O D E s

Sy n ap tic  P rop erties



U s e a s trateg y  of  em b ed d in g  an d  ex trap olation … .

Iapp,1

1 2
τ D ,1

τ D ,2

Iapp,2



Iapp,1

1 2
τ D ,1

τ D ,2

Iapp,2



Iapp,1

1 2
τ D ,1

τ D ,2

Iapp,2

“T ris tab ility ”



Iapp,1

1 2
τ D ,1

τ D ,2

Iapp,2



“A lternating B u rsting P attern”
( i n c r e a s i n g  d e p r e s s i o n  t i m e  c o n s t a n t , 3 0 0  t o  4 0 0  m s e c )



SRFP and relationship between 
SRFPs/ SPW s :

S p eculation and S ug g es tions  f rom  M odelling W ork



In  ad d ition  to c hem ic al in hib itory  s y n ap s es ,  elec tric al 
c on n ec tion s  or g ap  j un c tion s  ( G J s )  are als o p res en t b etw een  

b as k et c ell in hib itory  n etw ork s  



H ip p oc am p al G A BA erg ic  n euron s  f orm  d ual n etw ork s  c on n ec ted  b y  
c hem ic al ( ax os om atic )  an d  elec tric al ( d en d rod en d ritic )  s y n ap s es

F uk ud a  a n d  K osa k a ,  J . N e urosc i .  2 0 : 1 5 1 9 -1 5 2 8 ,  2 0 0 0



D endrodendritic Gap  J unctions

F uk ud a  a n d  K osa k a ,  2 0 0 0



F uk ud a  a n d  K osa k a ,  J . N e urosc i .  2 0 : 1 5 1 9 -1 5 2 8 ,  2 0 0 0



T h eoretical and m odeling  s tudies  us ing  s im p le 
neuronal caricatures  clearly  s h ow  th at th e ef f ects  
of  g ap -j unctional coup ling  are not s traig h tf orw ard.   
S y nch ronous ,  anti-s y nch ronous ,  p h as e-lock ed and 
b is tab le p atterns  can b e p roduced in GJ -coup led 
netw ork s  dep ending  not only  on GJ  s treng th ,  b ut 
als o on details  of  th e s p ik e s h ap e and f req uency .   



W h a t  p a r a m e t e r  r e g i m e s  a r e  
p h y s i o l o g i c a l l y  r e l e v a n t ?



M ulti-c om p artm en t rep res en tation  of  in tern euron s  ( b as k et c ells )

F rom  G uly as et al.  1 9 9 9
N E U R O N  s of tw are

gap junction



A d -h o c  R e d u c e d  
T w o -c o m p a r t m e n t  M o d e l s

CA1 Basket Cell

• A  t w o -c o m p a r t m e n t  m o d e l  w a s  
c o n s t r u c t e d  u s i n g  t h e  f o l l o w i n g  
e q u a t i o n s :  

R ed u c ed  T w o -c o m p ar tm en t 
M o d el Cell

M u lti -c o m p ar tm en t
M o d el Cell 
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Two-c e l l  N e t wor k  M od e l s

•Proximal Location 
( ~ 1 0 0  µ m  f rom s oma)

• M id d le  Location 
( ~ 2 0 0  µ m  f rom s oma)

• D is tal Location
( ~ 4 0 0  µ m  f rom s oma)

• T w o -c e l l  ( h o m o g e n e o u s ) n e t w o r k s  o f  m o d e l  c e l l s  c o u p l e d  b y  
G J s  w e r e  c o n s t r u c t e d  w h e r e  t h e  G J  c u r r e n t  f o r  c e l l  i, Iig a p , i s  g i v e n  
b y  Iig a p =  g g a p ( ViD – VjD )   w h e r e  i≠ j .
• T w o -c e l l  n e t w o r k s  o f  t h e  r e d u c e d  m o d e l  c e l l s  c o r r e s p o n d  t o  G J s  
b e i n g  l o c a t e d  a t  t h e  s e l e c t e d  s i t e s  i n  t h e  f u l l  m u l t i -c o m p a r t m e n t  
m o d e l .



P r ot oc ol
C r e a t e  m u l t i -c o m p a r t m e n t  
m o d e l .

C r e a t e  t w o -c o m p a r t m e n t  
m o d e l  s u c h  t h a t  t h e  p a s s i v e  
p r o p e r t i e s  a r e  t h e  s a m e  a s  i n  
t h e  m u l t i -c o m p a r t m e n t  m o d e l .

C h o o s e  a  G J  l o c a t i o n  i n  m u l t i -
c o m p a r t m e n t  m o d e l .

C h o o s e  gcoup. v a l u e s  f o r  t w o -
c o m p a r t m e n t  m o d e l  s u c h  t h a t  
t h e  d e n d r i t i c  s p i k e  a m p l i t u d e s  
a r e  t h e  s a m e  i n  b o t h  m o d e l s .

C h o o s e  a n  i n t r i n s i c  
f r e q u e n c y .

B u i l d  t w o -c e l l  n e t w o r k s  a n d  
p e r f o r m  s i m u l a t i o n s  f o r  a  
r a n g e  o f  g g a p v a l u e s  i n  b o t h  
m o d e l s .

C o m p a r e  p h a s e -l o c k e d  
p a t t e r n s  i n  b o t h  m o d e l s  a n d  
q u a n t i f y  G J  c o n d u c t a n c e s  i n  
t w o -c o m p a r t m e n t  m o d e l .

2 2  H z
6 5  H z
1 5 0  H z



Q u a n t i f y i n g  G J  C on d u c t a n c e s
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• F o r  l o w e r  i n t r i n s i c  f r e q u e n c i e s  a n d  m o r e  p r o x i m a l  l o c a t i o n s ,  G J c o n d u c t a n c e  v a l u e s  i n  t h e  t w o -
c o m p a r t m e n t  m o d e l s  m o r e  c l o s e l y  a p p r o x i m a t e  t h o s e  i n  t h e  m u l t i -c o m p a r t m e n t  m o d e l .   T h e  a b o v e  p l o t s  
i n d i c a t e  t h e  a p p r o p r i a t e  c o r r e c t i n g  f a c t o r  t h a t  n e e d s  t o  b e  a p p l i e d .
• I n  g e n e r a l ,  w h e n  p h y s i o l o g i c a l  G J  c o n d u c t a n c e s  a r e  i n  t h e  1 0  – 1 0 0  p S  r a n g e ,  G J  c o n d u c t a n c e s  i n  t h e  
t w o -c o m p a r t m e n t  m o d e l s  a r e  a p p r o p r i a t e .  





“C ellu lar-b ased  network  m od els”
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