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 
Abstract—In this paper, the cable model of dendrites have been 

considered. The dendrites are cylindrical cables of various segments 
having variable length and reducing radius from start point at synapse 
and end points. For a particular event signal being received by a 
neuron in response only some dendrite are active at a particular 
instance. Initial current signals with different current flows in 
dendrite are assumed. Due to overlapping and coupling of active 
dendrite, they induce currents in the dendrite segments of each other 
at a particular instance. But how these currents are induced in the 
various segments of active dendrites due to coupling between these 
dendrites, It is not presented in the literature. Here the paper presents 
a model for induced currents in active dendrite segments due to 
mutual coupling at the starting instance of an activity in dendrite. The 
model is as discussed further. 
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I. INTRODUCTION 

HIS paper presents a generalized computational model of 
dendrites induction current considering cable model as 

reference model. Cable theory for dendrites was developed in 
1959 by W. Rall precisely for the purpose of current signaling 
[1]. 

We present a mathematical model that describes the flow of 
electric current in morphologically and physiologically 
realistic dendritic trees that receive synaptic inputs at various 
sites and times [2]. 

Cable theory for dendrites, complemented by the 
compartmental modeling approach [3], played an essential 
role in the estimation of dendritic parameters [4], [5]. 

Due to current signaling in some prime dendrites the 
currents are induced in other dendrites due to coupling [6]-[8]. 
A mathematical model has been developed which collapses a 
dendritic neuron of complex geometry into a single 
electronically tapering equivalent cable by Roman R. 
Poznanski [9]. 

In this paper we have considered the induction of currents 
in dendrites due to overlapping and crossing each other in 
complex manner.  

In Section II we have presented the detailed method of 
computation. In Section III we have presented result and its 
analysis and finally the work is concluded in Section IV.  

 
II. METHODS 

Following are the steps of the model: 
The reference model is cable model of dendrites. 
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1. A total number of N dendrites are considered to be active 
at a particular instance of synaptic current impulse (initial 
current through dendrites). Dendrites are X1, X2, X3 
…XN. 

2. Dendrites are considered in the form of cable (cylindrical) 
with finite length (Li) having finite number of 
segments(ni) with reducing radius(diameter) and variable 
lengths.  

3. For Xi dendrite, Li=Length of ith dendriteni= total 
number of Segments in Xi. li(1),li(2),li(3), …………., 
li(ni) are lengths of segments of Xi respectively where 
Li=∑(li) for i=1…….ni 

4. Each dendrite crosses each other at segments represented 
by xp(i,j), segment at which Xi crosses Xj, although in 
general it is not necessary that they cut each other in same 
segment. But in this paper and simulation, it is considered 
to be same. 

5. Θij represents the crossing angle between Xi and Xj that 
may vary from 0 to π/2 radians (0 to 90 degrees). 

6. The perpendicular distance between segment of a dendrite 
to another dendrite is represented bydi(j,k), which is 
perpendicular distance between jth segment of dendrite Xi 
and Dendrite Xk.  

7. The perpendicular distance in crossing segment of 
Dendrites are taken to be di(j,k). 

8. Each dendrites start radius(at soma joint) is represented 
by rs(i) for Xi dendrite and end segment radius is 
represented by re(i). 

9. Radius of segments of dendrite Xiis represented by ri(1), 
ri(2),ri(3),…….,ri(ni). 

10. Each dendrites radius from start to end is assumed to be 
reducing according to length. 

11. The radius of segments of Xi is calculated as per  
 

ri(j)=rs(i) – [(rs(i)-re(i))/Li]*∑li(1 to j) 
 

12. Surface area of segments of dendrite Xi is denoted by Aij 
i.e. surface area of jth segment of dendrite Xi. It is 
calculated as per: 
 

Ai(j)=2*π*ri(j)*li(j) 
 

13. As all the active dendrites at a particular instance gets 
initialized with input current in it through synapse, they 
induce currents in each other’s segment according to 
mutual coupling coefficient. Mutual coupling coefficient 
is calculated as per following formula in between 
different segments of dendrite. 
 

M(i, m,j,n)= [Ai(m)/Aj(n)]*p 
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Fig. 1 Cable model of dendrites 
 
M(i, m,j,n) = Mutual Coupling coefficient between mth 
segment of Xi and nth segment of Xj. p= permeability of 
soma/dendrite medium. 
14. The initial currents in dendrites are represented asI0(1), 

I0(2),……..I0(N) in dendrites respectively. 
15. The current induced in nth segment of Dendrite Xj, due to 

mth segment of dendrite Xi is represented by 
 

Iji(n,m)= M(i, m,j,n)*I0(m)* (1/(dj(n,m)/cos(((i-
xp(j,i))*θc*(pi/180)))) 

 
where θc = angle reduction constant in successive segments 
from perpendicular crossover point segments of dendrites (in 
this paper it is to be taken 3). 

III. RESULTS AND ANALYSIS  

Simulations of model for induced currents in segments of 
active dendrite due to mutual coupling, the parameters [10] are 
used as per given in Table I using model formulation. 
MATLAB 13b is used to implement the model. 

In Figs. 2 (a)-(j), it is shown the currents induced in various 
segments of dendrites due to other active dendrite segments. It 
is clear that induced current depends on mutual coupling 
coefficient, radius, length, permeability, crossing point and 
crossing angle of dendrites at an instance of event activation in 
successive neurons. 

 

TABLE I 
MODEL PARAMETERS 

Parameter Value Description 

N 10 Number of active dendrite at an instance i.e Xi

Li 450-2350 μm Total length of ith dendrite ie. Xi 

ni 10-60 Number of segments in dendrite i i.e. Xi 

lij 10-70 μm Length of jth segment of dendrite i,i.e. Xi 

xp(i,j) 1-9 
Crossing point of dendrite i and j, i.e. Xi and 

Xj 

θij 0 
Angle between dendrite i and j, i.e. 

Xi and Xj 

di(j,k) 0.0001-0.01μm 
Perpendicular distance between jth segment of 

dendrite i and k, i.e. Xi and Xk 
rs(i) 4-15 μm Start point radius of dendrite i, i.e Xi 

re(i) 1-6 μm end point radius of dendrite i, i.e Xi 

p 
0.0000001 

 
permeability of soma/dendrite medium 

I0(i) 0.001-0.02 μA Initial input current in active dendrite i, i.e. Xi 

θc 30 
angle reduction constant in successive 

segments 

l10(1) l10(2) 

rs(1) 

rs(10) 

I0(1) 
I0(1) 

X1(n1)X1(n1-1) X1(j)X1(4)X1(3)X1(2)X1(1) 

X5 

X4 

X1 

X2 

X3 

X6 

X7 

X8 

X9 

X10 

Xi Segments 

I0 

I0(10) 

I0(i) 

re(10)

re(1) 
l1(3) 

l10(3) l10(4) l10(i) l10(9) l10(n10) 
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Fig. 2 (a) I1(j) induced current in the segments of dendrite X1 at active instance (b) I2(j) induced current in the segments of dendrite X1 at 
active instance (c) I3(j) induced current in the segments of dendrite X1 at active instance (d) I4(j) induced current in the segments of dendrite 

X1 at active instance (e) I5(j) induced current in the segments of dendrite X1 at active instance (f) I6(j) induced current in the segments of 
dendrite X1 at active instance (j) I7(j) induced current in the segments of dendrite X1 at active instance (h) I8(j) induced current in the 

segments of dendrite X1 at active instance (i) I9(j) induced current in the segments of dendrite X1 at active instance (j) I10(j) induced current in 
the segments of dendrite X1 at active instance 

 
In Fig. 3, the combined results of current induction in 

dendrite segments are shown. Initial currents at the instance of 
event activity are I0(1)= .002, I0(2)= .003,I0(3)= .001, I0(4)= 
.006,I0(5)= .008, I0(6) = .009,I0(7)= .010, I0(8)= .006, I0(9)= 
.001, I0(10)=.020in dendrite X1, X2, X3, X4, X5, X6, X7, X8, 
X9, X10 respectively. The Perpendicular distance between jth 

segments of dendrite i and k, i.e. Xi and Xk has been taken for 
calculation of distance of various segments according to 
crossing angle and point between two dendrites. The number 
of segments in different dendrites is different and they are 
crossing each other at different points (Fig. 1). The segments 
falling after crossing point causes positive induction in current 
and that before the crossing point causes negative induction. 

As the crossing points of dendrites have been taken towards 
starting end of dendrites between 1 and 9, the induced current 
in a particular segment of a dendrite is sum of currents 
induced due to all dendrites segment causing a positive 
increase at an instance. In Fig. 3, the legend shows the various 
colour lines and current induction in dendrites e.1 I1 to I10.I1 
has the highest induction in current of 0.0018 micro Ampere 
for segment 12 of X1.The second highest induction in current 
of 0.0014 micro Ampere for segment 42 of X6. The induction 
in the segments having lower crossing point, distance and 
angle is higher and that for higher crossing point, distance and 
angle is lower. 
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Fig. 3 Currents induced in all active dendrites due to mutual coupling at active instance in all segments 
 

IV. CONCLUSION 

In this paper a computational model for current through 
active dendrites corresponding to a particular event activity 
have been presented. When an event is active in neural system 
of brain, the activity signal passes through various neuronal 
cascades. Not all dendrites of neurons in successive cascades 
are active. Only some dendrites are active and current signal 
of activity initializes in only those dendrite. As dendrites 
crosses over each other with mutual coupling it causes more 
instantaneous induction of current in the segments of 
dendrites. The model presented in this paper simulates the 
behavior of this natural phenomenon with certain assumption 
states in the model. 

REFERENCES 
[1] W. Rall, Exp. Neurol. 1, 491 (1959). 
[2] Koch, C., and A. Zador. "The function of dendritic spines: devices 

subserving biochemical rather than electrical computation." Journal of 
Neuroscience 13 (1993): 413-413. 

[3] Rall, Wilfrid. "Theoretical significance of dendritic trees for neuronal 
input-output relations." Neural theory and modeling (1964): 73-97. 

[4] Segev, I., J. Rinzel, G. M. Shepherd, and A. Borst. "The theoretical 
foundation of dendritic function." Trends in Neurosciences 18, no. 11 
(1995): 512-512. 

[5] B. I. Henry and T. A. M. Langlands, “Fractional Cable Models for Spiny 
Neuronal Dendrites”, Physical Review Letters, PRL 100, 128103 (2008) 
The American Physical Society DOI: 10.1103/PhysRevLett.100.128103. 

[6] Robert Costalat And Gilbert Chauvet, “Basic Properties Of Electrical 
Field Coupling Between Neurons: An Analytical Approach” 
Journal: Journal of Integrative Neuroscience, 2008, Volume 07, Number 
02, Page 225DOI: 10.1142/S0219635208001836. 

[7] Kathryn R. Hedrick and Steven J. Cox, “Structure-preserving model 
reduction of passive and quasi-active neurons”, Journal: Journal of 
Computational Neuroscience, 2013, Volume 34, Number 1, Page1 
DOI: 10.1007/s10827-012-0403-y. 

[8] Anthony R. Kellems, Derrick Roos, Nan Xiao and Steven J. Cox, “Low-
dimensional, morphologically accurate models of subthreshold 
membrane potential”, Journal: Journal of Computational Neuroscience, 
2009, Volume 27, Number 2, Page 161 DOI: 10.1007/s10827-008-0134-
2. 

[9] Roman R. Poznanski, “A generalized tapering equivalent cable model 
for dendritic neurons”, Bulletin of Mathematical Biology1991, Volume 
53, Issue 3, pp 457-467. 

0 10 20 30 40 50 60
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8
x 10

-3

X(1-10)(Segment)

I(
1-

10
)(

m
ic

ro
A

)(
in

st
an

ta
ni

ou
s 

in
du

ce
d 

cu
rr

en
t 

in
 X

10
 d

en
dr

ite
 S

eg
m

en
ts

 

 

I1

I2
I3

I4

I5

I6

I7

I8
I9

I10



International Journal of Medical, Medicine and Health Sciences

ISSN: 2517-9969

Vol:9, No:6, 2015

507

 

 

[10] Rall, Wilfred, and Iden Segev. "Functional possibilities for synapses on 
dendrites and on dendritic spines." Synaptic function (1987): 605-636. 


