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Abstract Usdng sngle cdl channe modd , the transmisson features of CA3-D G network in the hippocampus are investigated.
The influence of the stimulation on discharge pattern of pyramida neuronsis anadyzed, which shows that it starts with period spiking dis-
charges, followed by period-doubling bif urcation to chaos, and period 3 discharge evolving into chaos, and ultimately a period of bursting
discharges. By the synaptic mode , the CA3-D G network modd is constructed , which anayzes the summation of postsynaptic currentsin
the network , theinfluence of postsynaptic current on discharge rhythm as well asthe mechanismof bursting discharges. The strong cegpac-
ity of gpatiotempora encoding in the network indicatesthefeaturesof CA3 network during the information transmisson processin the hip-
pocampus. The modding result with time delay of the syngptic transmisson isin accordance with the experimenta phenomena of action
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potentia in the hippocampus.
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The hippocampus is a part of the limbic system
under neopalium, and belongs to the paeopalium.
In addition to palium, the hippocampus includes the
dentate gyrus (DG and subiculum, and is usualy di-
vided into CA1, CA2, CA3 and CA4 parts. Due to
the importance of CA1 and CA3inthe memoryll_s] ,
great efforts have been devoted to the research on
their structures and functions® . Pyramidal cdl is
the cardinal component of CA3, each of whichiscorr
nected with the others through interneurons. The ex-
citatory postsynaptic potentids (EPSPs) are caused
by sgpontaneous activity of the pyramidal cellsin CA3.
Hippocampa function and characteristics are a key in
learning and memory research. The research on the
memory hypothess has al 9 attracted great attention,

such as the stochastic resonance memory hypothe-
. J9—11]
5597,

The experiment shows that the main input Sgnal
of the hippocampus comes from entorhina cortex
(EC) to dentate gyrus (DG) by perforant path
(PP) , and then arrives at CA3 through mossy fiber
(MF). CA3 is connected with CA1 by schafer col-
laterals (SC) synapse. Finally, it returns back to EC

through subiculum™!. All the synapses of PP, MF
and SCin the circuit of hippocampus are excitory. In
this process, the main input sgna isfrom EC, and

the cardina output is CA1l. Because of the complicat-

ed anadydsof the whole hippocampa mode , genera-
ly most of the research is concerned with the CA3
CA1l sysem. Inthispaper, thefunctionsand proper-
tiesof CA3-DG system as the information transmis
don intermediate are the cardinal research. Due to the
limitation of the techniques and equipmentsin physo-
logicd experiments, the whole property of the hip-
pocampd structure cannot be observed. Therefore,
the mathematica model based on physological struc
ture and computer smulation becomes an efective
method to assst experiment and to verify the results.

Traub founded a smplification mode with 19
pyramida cdls to desribe the structure of CA3 in
1982'). The result of this model shows that the
bursting discharge of a pyramida cell is very compli-
cated, and that the number of the cells consdered is
too smal. Afterwards, Traub and Jeffyerses made an
improvement over the original mode , building up a
CA3 network with 100 pyramidal celld™®!. The exd-
tory synapse among pyramidal cellsis random, which
indicates that the strong syngptic connection is a nec
essary condition of the synchronous bursting dis
charges In 1998, Tateno et d. further anplified
cells scde to 256 pyramida cells and 25 interneurons
in a CA3 network[n], in which the influence of
synaptic strength on action potential had been investi-
gated thoroughly in this model. In various modds,
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CA3 was studied done, or wasinvesigated just with
CA1; however , the influence of MF syngpse of DG
upon CA3 was often neglected. This paper concerns
about perfecting the structure of system, adding DG
network and EC' s effectsto the syssem and analyzing
the influence from D G upon CA3.

1 The hippocampal neuron model

There are two kindsof cellsin CA3-DG: excito-
ry neurons (mainly granulosa cellsin D G and pyrami-
da celsin CA3) and inhibitory neurons (mainly in-
terneuronsin CA3 and DG). Generdly, the follow-
ing model is employed to describe excitory neurons:

C-ddltl = gNamsh(VNa' V)

+ geaS (V- V)

+  Gcagon) Sow Mow (Vea = V)

+ gkpr N(Vk- V)

+ gy ab(Vg - V)

+ gk@anp A(Vg - V)

+ gk cmin(1,X/250) (V¢ - V)

+ g (Vk- V) + g4(Vgne - V)

t lyn * ldim (D

dz _
dt _az(l' Z) - BZZ;

z standsfor m, h,s, r,Sow: Mow

n,a,b,q,c (2)

@
dt

=- ¢|Ca - B)(X (3)

The model comes from Traub’ s omatic cell
modd , in which a large number of ion channels are
involved in giteof the smplification. In (1) , the d-
ements resulting in the variety of the neuron mem-
brane potentia incdude Na* current, C& " current ,
low-threshold Ca®* current , delayed rectifier K* cur-
rent, A-type K current , ater-hyperpolarizing K"
current , Ca°-activated K* current , the leakage cur-
rent and the excitory synapse current. Therefore, it
is far more complicated than other models such as
Hodgkin-Huxley , Chay and FitzHugh-Nagumo mod-
és.

gy and V, indicate the maximum conductance
and equilibrium potentia for each ion channd , re-

soectively. Especidly, g and Vg, are for dferent
excitory synapse. If a neuron has no synaptic connec-
tion , the conductance coefficient equalszero. Eg. (2)
represents the iorrgating varying. |, indicates the
summation of the calcium current and low-threshold
cacium current in Eq. (3). Igy,isthe summation of
the temporal synaptic current while 14, means the
external stimulus corregponding to depolarization cur-
rent in the experiment.

The long-term potentiation (L TP) and the long-
term depresson (L TD) are the important results in
the hippocampa experiments. Tateno et al. observed

and kept a record of the discharge patterns of the

pyramida neuron in rat CA3 hippocampus dice!™.

Pyramidal cell fires gpontaneoudy without depolariza
tion current outsde. Fig. 1(a) is the experimenta
result drawn from Ref. [11]. The resultsof Fig. 1
(a1) to (a4) show regpectively that dong with the
continuous decrease of depolarization current , the dis
charge patternsof pyramidal celsin CA3 changefrom
the spiking discharge to chaotic discharge and then to
bursting discharge. Usng these modes, theoreticd
resarch is made, in which the numerica smulation
employs 4-order Runge- Kutta with time step 0. 03 ms
and theinitid vauesare given randomly. See the Ap-
pendix for the values of other parameters.

The dmulation results are shown in Fig. 1 (b)
and (c). In Fig.1(c) , the abstissa is stimulus and
ordinate is intergike interval (1SI). The results
show that adong with the continuous diminishing of
the gimulus, firstly the 1Sl isfrom the period 1 sik-
ing discharges to chaos by period-doubling bif urcar
tion, and then period 3 bursting discharges come up
during interna mutation, which leads to chaos again
and finaly the period 2 bursting discharges. The re-
sult that period 3 leads to chaosis entirely in corre-

gondence with that in discrete dynamics”?’]. The
phenomenon that thereisachaotic discharges area be-
tween two bursting discharges areas can often be seen
in physologica experiments[l‘”. There are dmilar
ISI graphs in many sngle cel models, such as Chay

mode!****! and Rose Hindmarsh model for the thala
mencephalon neuron'™"!. All of them have the typica
chaotic process: from period of siking discharges to
chaotic discharges by period-doubling hif urcation , and
then to period of burgting discharges through converse
period-doubling bifurcation. In accordance with our
results, cheotic discharge exists between two periods
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of discharge, which indicates the universadism of this
phenomenon. Under various stimuli , the diverdty of
the discharge patterns of pyramidal cells implies the

WL
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sgnal encoding from EC. In other words, there are
complicated encoding characteristics in the process of
the hippocampus on memory object.
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(a) Discharge patternsof the rat CA3 hippocampd pyramidd cell (from Ref. [11]). (al) Spiking discharges. Depolarizing current isO.

3 nA. (a2) Chaotic discharges. Depolarizing current is 0.2 nA. (a3) Burging discharges with 2 —4 spikes per burst. Depolarizing current is 0. 1
nA. (a4) Soontaneous bursting discharges. Depolarizing current is 0 nA. (b) Discharge patterns of CA3 hippocampa pyramida cell from modd
smulation. (bl) Period 1 spiking discharges. Stimulationis0.35 nA. (b2) Period 2 gpiking discharges. Stimulationis0.29 nA. (b3) Chaotic dis-
charges. Stimulationis0.28 nA. (b4) Period 3 burgting discharges. Stimulation is 0.27 nA. (b5) Burgting discharges with 4 spikes per burst.
Stimulation is 0.15 nA. (b6) Spontaneous bursting discharges. Simulation is0 nA. (c) Bifurcation diagram. The abstissais the stimulation.

Corregponding to ISl , various action potentia
graphsin Fig. 1(bl—b6) further verify the diversty
and complexity of the discharge patternsin the exper-
iment, and al©® show the hifurcation process of

ISt Along with the decrease of the stimuli, the
processes take the following turns: period 1 spiking
dischargesfirst , followed by period-doubling bif urca
tion to period 2 bursting discharges, and chaos to pe-
riod 3 bursting discharges, and period 4 bursting dis
charges to period 6 bursting discharges. The ISI
graph d o verifies the changing process of the dis
charge patternsin the experiment. Badcaly , the dis
charge patterns of model smulation are in accordance
with the experimenta results; epecialy, when the
gimulationis0in Fig. 1(b6) , that is, the depolar-
ization current is 0, the gontaneous bursting dis
charges fit in with the experimenta results. The
modeling results not only reproduce various discharge
patternsin the experiment , but a< imply a further
concluson of the discharge patterns through IS,
from period 3 to chaos and period-doubling bif urcation

to chaosa . Therefore, the mode here can well ex-
plain the discharge phenomenon of the pyramidal cel
in the hippocampus.

In addition to a large number of excitory neu
rons, there are a few interneuronsin CA3 and DG.
Degite its small proportion , interneuronsplay an im-
portant role in maintaining the equilibrium between
excitation and inhibition in the hippocampus. Thein-
terneuron o has C& *-activated K" channel ; how-
ever, it differs from that in pyramidd cels in that
ca’ *-bufferi ng in interneurons would severely inhibit
the Ca* * concentration increase of the cytoplasm[ls].
Therefore, it is seen that the irfluence of the Ca -
activated K channel on the potential between inner
and outer of the cell can beignored and that Egs. (4)
(5) include only Na* , delayed K™ and leakage cur-
rent. The interneuron mode can be described in the
following way :
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C%Af = gNamSh(VNa' V)

*+ dk(OR n4(VK' V)

+ o (Ve - V) + g, (4)
dz _
dt _az(l' z) - BZZ,

z g¢andsfor m, h, n (5)

(4) and (5) can be adopted to describe the interneu
ronsin the hippocampus. While neurons are connect-
ed by synaptic models, these models can analyze the
system of the hippocampus.

2 The system model of CA3-DG
2.1 Theintroduction of network

In order to anayze the syssemof CA3-DG, first-
ly a network structure should be constructed, which
isthe key in this paper. Snce there are alarge nunr
ber of excitory pyramida cellsin CA3, from the con-
dderation of calculation complexities, 256 pyramida
cells are placed on 16 x 16 lattice points. Asis shown
in the experiment that the number of inhibitory in
terneuronsin the hippocampus is about 10 percent of

that of pyramida celld ™! , each of the 25 interneu
ronsisplaced in an individua area occupied by 4 x 4
pyramidal cells. By synapses, each pyramidal cdl ex-
cites the pyramida cells and interneurons around
which in turninhibit thispyramidal cell. For the sake
of convenience, each pyramida cell excites 8 pyrami-
dd celsaround in the network , and each interneuron
inhibits 16 pyramidal cells around , which is subjected
to the excitation from these 16 pyramidd cdls.
Hence, two adjacent interneurons together inhibit
four common pyramida cells (the shadowsin Fig. 2
@).

There are ©me dmilarities of DG to CA3, for
example, a large number of excitable granulosa cells
exist; ome interneurons are among granulosa cells;
granulosa cells excite each other ; and interneuronsirn-
hibit these cells around. Here suppose that DG has
the Smilar network to CA3, hence o in Fig. 2(a)
indicates granulosa cells, and then a CA3DG net-
work is attained in Fig. 2(b). This system includes
two paralle networks connected by MF synapse, each
of which has the structure and synaptic connection as
Fig. 2(a) , DGisexcited by PP sgna from EC. Two
ecid synapses exis in the sysem, mossy fiber
(MF) , and perforant path (PP) connecting EC and
DG MF is reatively sarse, but its connection

strength is strong. By MF, each pyramida cdl in
CA3is excited by 20 granulosa cells which are ran-
domly sdlected in DG, while by PP, each granulosa
cel in DG is excited from EC. As the information
transmisson system in the hippocampus, CA3-DG
has two levels: the information transmisson between
neuronsin D Gor CA3, and theinformation transmis
son between DG and CA3.
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Fig. 2. (8 CA3or DGnetwork: 16 x 16. o Pyramidd cdl or
granulose cel , m interneuron. (b) CA3DG system sructure.
Each pyramidd cdl is excited by 20 granuose cdls with MF
synapse. Each granulose cdl is excited by PP sgnd.

The céls form the network by syngptic connec
tion which is given below. Each presynapstic action
potential always causes an impulse of postsynaptic
cdls.

Isyn = gs,/n(vs,/n - V) (6)

Jgn = Cyn(exp(- t/T ) - exp(- t/T,)) (7)
where Cg, indicates the synaptic strength and Vg,
means the synaptic equilibrium potential .

Chrobak and Buzsakis observed the Gamma os
cillation (40 —00 Hz) in EC of the hippocampus in
1996!% , 0 50 Hz impulse within this scopeis used to
smulate PP sgna from EC. Each postsynaptic cur-
rent caused by PP dgna or MF synapse can be de
scribed by (6) and (7). For the distinction from the
former synaptic conncetions, these two kinds of con-
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nection strengths are represnted by W, and Wy
regpectively. Snce there is an interva during the
chemical transmisson of neurons by synapse, a time
delay exists in postsynaptic current. We adopt 1 ms
for the analyss.

Acoording to network sructure and synaptic
connection, as for the granulosa cells, the pyramidal
cels, and the interneuronsin D Gand CA3, the sunr
mation of the tempora synaptic currentsin (1) can
be described by the following formula:

8 2

lp o6 = kZ'pp(k) + Z lip (K) + Tperp (1) (8)
Ip cas = kZ'pp(k) + Zlip(k) + »ZIMF(k) (9

li b = li caz = Z i (K) (10)

@ 20} (b1) 1((,)+1

L, +9

where 1, (k) , 15 (k) , Ijp (k) , Iye (k) mean the
postsynaptic current caused by the kth presynatic cell
through al kinds of connections. 1, (t) indicates
the postsynaptic current caused by PP sgna at t.

When the presynaptic neuron produces an action
potential at ty (Fig. 3(a)) , postsynaptic neuron is
subjected to postsynaptic current by synaptic connec
tion, resulting in excitation or inhibition. Thereisan
interva of 1 msfor syngptic transmisson, 9 an inr
pulse current iscaused at ty +1, namdy , the postsy-
naptic current. Fig. 3(bl) is an inhibitory synaptic
current ; (b2) is an excitatory synaptic current. The
excitory current is a podtive impulse, while the in-
hibitory current isa negative impulse. Here theinitia
resting potential of postsynaptic neuronsis chosen as
- 60 mV.

1, +17 (b2)
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Fig. 3. (a) Theaction potentid of presynaptic neuron. (b) The postsynaptic current caused by thisaction potentia. (b1) Inhibitory, (b2) exito-

ry.
2.2 The smulation resultsof CA3DG sysem

CA3 and DG bhoth produce bursting discharges
under the synergism of the PP dgna , whichisin ac

cordance with the discharge patterns in the experi-

ment!™ . Fig. 4(a3) and (a4) indicate the potentia
of interneuron and that of granulosa cdl inhibited by
thisinterneuronin DG, regectively; (b3) and (b4)
represent the potentia of interneuron and that of
pyramidal cell inhibited by thisinterneuron in CA3,
regectively. The excitation or inhibition relationship
between them causes the amost synchronous bursting
dicharges. The dight difference in time and ike
number is due to the diversty of neurons, the pertur-
bation by other postsynaptic currents around and the
time delay in syngptic transmisdons. Interneuron is
resting neuron , which will fire to transmit dgna only
when it is excited; however , it does not fire when it
is iolated or no postsynaptic currents. When the
pyramidal cell or granulosa cedl is to fire, the in
terneurons by the excitory synaptic connection with
thiscel will be excited by postsynaptic current 9 as
to cause an action potentia if the summation of tem-
porary postsynaptic current exceeds the threshold.

Hence they turn over to inhibit the same pyramidal
cel or granulosa cdl , which will be excited by the
same kind of surrounding neurons for a following
giking discharge. In the same way , the second ac
tion potentia of interneurons follows; repeatedy , a
sriesof tight gpikes become bursting discharges; fi-
naly, cdls with the mutuad excitation or inhibition
between each other are caused to fire synchronoudy.
Only when the summation of temporary postsynaptic
current from the other cellsis too smal this neuron
can go rest.

Now let us investigate the influence of the inr
portant synapse MF from D Gto CA3 on the pyrami-
dal cdl firing. Fig. 4(b6) isthe summation of the
postsynaptic current caused by 20 D G granulosa cells
which link to the pyramida cell in Fig. 4(b4). It
turns out to be a great influence of this kind of
syngpse upon firing. Each concentrated bursting dis
charge corregponds to the period with alarger fluctua
tion of the current summation, in that the postsynap-
tic current during the period with a rdatively large
fluctuation disturbs the stable and resting state of
neurons, and stires up an intensve firing of neurons.
For a more direct observation of the influence of MF
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postsynaptic current upon the bursting discharges of
pyramida cel , let us define the binary encoding:
1, Iyg <-0.050r Iy > 0.35

BInary =16 . 0.05< I, <0.35

(11)

By this method, a binary encoding of MF post-
synaptic current isobtained in Fig. 4 (b5). In conr
parison with Fig. 4(b4) , it isfound that M F postsy-
naptic current causes the severe osiillation of the
pyramidal cell potentia , and has the synchronization
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Fig. 4. (a) Resultof DG. (al) Spatiotempord encoding. W,

with the firing of that pyramida cel, the syn-
chronous firing making sgnals among cels on the
transmisson. Thisoutcomeisin accordance with that
from Traub and Je‘fyers[w]. After afurther frequen-
cy analyssof the summation of M F postsynaptic cur-
rent, a probability distribution of current is given
(Fig. 4(b7)). It is detected that the distribution is
at a relatively concentrated interval. Numerical inte-
gration from 0 to 0. 35 shows that the probahility for
the postsynaptic current within thisinterva is 94 %.
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pep =0.05. (a2) ISI diagram with time. (a3) The discharge pattern of interneu

ron. (a4) The discharge pattern of granulosa cell inhibited by thisinterneuron. (b) Result of CA3. (bl) Spatiotempord encoding. (b2) 1Sl dia
gram with time. (b3) The discharge pattern of interneuron. (b4) The discharge pattern of pyramida cel inhibited by thisinterneuron. (b5) The

binary code of MF postsynaptic current of thispyramida cel.
current.

At present , it isgenerally recognized that the ac-
tion potentia of neurons may contain the encoding of
life information. Asthe learning and memory tissue,
the action potentia of the hippocampal neuronsis sure
to imply the satiotempora encoding of the learning
and memory. Thefirst step for encoding is to record
the gatiotempora information for each action poten-
tia in the whole nervous system. Taking time as the
horizontd axis, the gace distribution of dl neurons
as the vertica axis, the basc gatiotempora frame is
constructed. The ordinate upwards means action po-
tential encoding of 25 interneurons, while downwards

(b6) MF postsynaptic current. (b7) The probability distribution of M F postsynaptic

represents the potential encoding of 256 pyramid or
granulosa cdls, with each row for 16 pyramid or
granulosa cells. Each point represents an action po-
tential , which congtitutes the atiotemporal encoding
for DGand CA3 (Fig. 4(al) (bl)). They have de-
<ribed the time relation of potentid firing between
neurons and the gace rule of the information trans
missons, which shows that DG firing is much more
complicated. Generdly, no synchronous firing hap-
pens between two neuronsin long distance ; however ,
the firing of two adjacent neurons gppears syn-
chronoudy , which means that the information among
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D G neurons transmits through cells nearby , and that
one neuron can only send itsinformation to the others
nearby via synapses. These neurons snd their infor-
mation in the same way. Fig. 4(a3) (a4) and (b3)
(b4) further reved the information transmisson
function of interneurons, which as embodies the
rule of DGin the gace information transmisson. Itis
shown from CA3 that more neurons burst at the same
period , even though two neurons stay a great distance
away from each other. Thisisdueto the stronger M F
syngpse, which verifies again the formation of the
synchronous firing by the strong MF synapse. The
digtinction between DG and CA3 can a9 be shown
clearly from I1SI (Fig. 4(a2) (b2)). Almost at any
time, DG hasthefiring of neurons, while CA3 seems
to be parser, that is, they aways burst at amost the
same time. |SIs dl can be divided into two layers
clearly , because they all produce bursting discharges.
The bottom layer represents the interva between two
sikes, and the top layer indicates the interva be
tween two bursting discharges. Bursting discharge is
the basc mode of neuron firing and the most usua
phenomenon in the hippocampa experiments. The
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Hg. 5.

neuron encoding diversties are included in ike nunm-
ber and intergike interval. All these results wdl ac-
cord with experimental phenomenon as the bass of
our further study.

The hippocampus is the tissue of accepting and
dealing with the memory objection from environ-
ment. The PP dgna in EC shows the stimulus to
cortex from the externa world, the oject that CA3-
DGisto transmit and dea with. The dgna strength
describes the different inputs outsde, and input Sg-
nal patterns are gpplied to CA3-D G system. Each 9g-
nal lasts 1 s, and then Fig. 5 isobtained. It isindi-
cated that the nervous system causes different re
gonxe mode to each dgna. The interpike interva ,
the burgting intervd , and the satiotempora regpons
esturnout to be of great variety , which contain the
encoding modes of various dgnals. The abundant var
rieties show a very strong encoding competence of the
network. The stronger the encoding competence is,
the better the information storage capacity is. Thisis
an indigpendble property of CA3 as an asciative
memorizer.
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(al) Spatiotempord encoding of DG under signd pattern W, ={0.02,0.04,0.06} . (a2) The discharge patternof granulosacell. (bl)

Spatiotempord encoding of CA3. (b2) The discharge pattern of pyramidd cell.

CA3DG is an important structure in the hip-
pocampus, a mid-transmisson structure that linksthe
outsgde information urce EC and the output area
CA1l in the hippocampus, which performs a sgnifi-
cant function in the information transmisson of the
learning and memory in the hippocampus. The PP
dgnal ater DG procesing is passed to CA3 through
MF syngpse by the granulosa cells, and immediately
the CA3 pyramidal cells tranger the information to
CA1 through SC syngpse. The gatiotemporal encod-
ing is used to describe the internal transmisson prop-

erty of this structure.

3 Discussion

This paper reproduces the discharge rhythm in
the experiment through the numerical dmulation of
sngle hippocampa pyramida cell , the process from
the period-doubling bif urcation to chaos and the pro-
cessfrom period 3 to chaos due to the outsde input
variety. Based on the model above, the numerica
dmulation is done to build a CA3-D G nervous system
model built by the synaptic connection with a time
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dday 1 ms among cdls. The badsc property of the
network transmisson is andyzed in this nervous sys
tem. The synchronous firing between two adjacent
cells indicates the information transmisson methods
among cells. The strong synapse M F causes the over-
al synchronization of CA3, while the strong a
tiotempora encoding competence of the nervous sys
tem well explains the fundamenta property of CA3 as
an asociative memorizer. All the results manifest the
functions of the hippocampa CA3-D G structurein the
information transmisson process, which indicates the
complicated transmisson property of the CA3DG
network structure.

Much research is made on the firing of a sngle
neuron. The experiment manifests that the neuron
discharge rhythm experiences a complicated bif urcar
tion process from period of bursting discharges to pe
riod of giking discharge. In thispaper, the same re-
sult gppears dong with the variety of the stimulus
outdde. It as includes the processfrom period-dou-
bling bifurcation to the chaotic bursting discharges
and the process from the chaotic burgsting discharges
to the period 3 spiking discharges by sudden change,
then immediately to the chaotic bursting discharges.
The calculation resutd?” from Chay modd under the

excitory cdlsindicate that if the ca” equilibrium po-
tential is consdered as the parameter , some processes
are obtained, such as the gradua bifurcation of ISI,
the process from period 1 and 2 bursgting discharges
through period-doubling bif urcation to chaos, and the
processfrom period 3 through period-doubling bif ur-
cation to chaos, which is dmilar to the results of
Chay model and which a well shows the firing di-
vergty of the neuron potentia. Taking the stimulus
strength as the parameter , the ISl turns out to the
same bif urcation phenomenon.

For thefiring and dynamics property of the genr
era neuronsin network , amost no correponding ref-
erences can be found; however , much attention has
already been aroused to research on network dynamics
property. This paper gives a deep depiction of some
transmisson properties of the CA3DG network
structure. The model pointsout the synchronousphe
nomenon caused by the network , and showsthat net-
work has a stronger encoding competence by various
inputing , which directly explains part of the experi-
mental phenomena of CA3 in the hippocampus. The
study of the whole functionsof the hippocampusisfar
from adequacy. Many questions are left for further

research , such as to further perfect the nervous sys
tem in the hippocampus, and to think more about the
gecia roleof CA1 regionin hippocampusfor the ulti-
mate study of the functions of hippocampus on the
learning and memory.

Appendix parameter values:

Parameter valuesof CA3 pyramida cdls and D G granulosa
cdls:
o = - 0.32(51.9+ V)
™ oexp(- (51L.9+ V)/4) -1
__0728(24.9+ V)
B = exp((24.[9+ V)/5)_ -1

a, = 0.128exp| =8
18
4
By = exp(- (25+ V)/5) +1
0.2

9 = exp(- 0.072V) +1

B _ —00025(13 9+ V)
ST exp((13.9+ V)/5) - 1

exp(- (65 + V)/20)

a, = 1600 (v >-69
0.000625 (V <- 65
foos-
B, - 8
0 (V <- 65)
16

Asow) = exp(- 0.072(40 + V)) +1

0.02(53.9 + V)

Bstow = exp((53.9 + V)/5) - 1
V > - 105)
U oo = 200
0. 000625 (V <- 105)
B ) 0.005- 0,4, (V >- 105
rlow =1 g (V <- 105)
q - —-0016(209+ V)
" oexp(- (29.9+ V)5 -1
B .45 v
3, = 0.25exp 20
o - - 0.02(51.9 + V)
a” exp(- (51.9+ V)/10) - 1
p - —0.0175(24.9+ V)
2" exp((24.9 + V)/10) .- 1
a, = 0.0016exp] —E=—Y
18
B, - 0.05
b7 exp(- (54.9+ V)/5) +1
0 X < 140)
o, =9 0.00002(X - 140) (140 <X < 640)
0.01 (X = 640)
B, = 0.001
exp((55 + V)/11 - (58.5 + V)/27)
. 18,975 (V- 19
.=
2exp[__5'&H (V >- 15)
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. 58.5- V
B, - 2€X|0[ 57 ] -0, (V <- 15
0 (V >- 15)
C=0.10F
Onva = 1.0, 0c = 0.13
Ocatow) = 0.03, gkpr = 0.08
Ok = 0.17,  gy@np = 0.07
Ok = 0.366, g = 0.0033(9
g« = 0.005¢ 9

Vaa = 50, Vg = 75
Vi=-80, V, =-65
Van@ =- 10(mV)
¢ = 50

By = 0.075(ms ")

Parameter values of interneurons:
a_ = - 0.64(51.9+ V)
m T o exp(- (51.9+ V)/4) -1
B - 0.56(24.9 + V)
™ exp((24.9+ V)/5) - 1

Bn = 0.65(exp(- (25 + V)/5) + 1)
_ - 0.016(48.9 + V)
" T 0.65exp(- (48.9+ V)/5) - 1

a

0.65
CcC=0.1¢0P
Ona = 1.5, 9kepm = 0.3
o = 0.0209
Vya = 50, Vg =-80
V. =- 65(mV)

Parameter values of syngpse:
Cop cas = Cpp e = 0.005

Ci s = Gy pg = 0.02

Cp cazs = Gp pe = 0.01

Wg = 0.0007, W, = 0.005
Wpep, = 0.08

Vpp_CA3 = Vpp_DG = Vpi_CA3 = Vpi_DG = Vg
= VMF = Vperp =-10

Vip_CA3 = Vip_DG = - 70(mV)

Tipp. a9 =T oo = Tiip a9 = TaGpng
=Ty =Timp = Tigep = 3

Tigicay =Taging =1

Tomp a3 = T2 0o = T2@p a3 =T 23p Do

1
N

=T = Tomp =T 2(pep
Top cas) = T2 pg = 0.5(m9
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