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a b s t r a c t 

The effect of non-Gaussian noises on stochastic resonance of intracellular Ca 2+ concen- 

tration in intracellular calcium oscillation(ICO) system with time delay is investigated by 

means of second-order stochastic Runge–Kutta type algorithm. By simulating the signal 

power amplification(SPA), the results indicate: there are respectively continuous values and 

a value of the parameter p (which is used to control the degree of the departure from the 

non-Gaussian noise and Gaussian noise.) to enhance reverse resonance in the behavior of 

SPA vs. p in cytosol and calcium store, namely continuous reverse resonance occurs in 

cytosol and reverse resonance occurs in calcium store. Moreover, SPA monotonically de- 

creases as non-Gaussian noises strengthen, and SPA fast decays to constant as correlation 

time of non-Gaussian noises increases. 

© 2016 Elsevier Inc. All rights reserved. 

1. Introduction 

In many studies on ICO, there are a variety of channels showing calcium-induced calcium release and a variety of models 

to describe ICO [1–4] . Many interesting phenomena have been found such as stochastic resonance [5,6] , reverse resonance 

[6–8] , coherence resonance [7] , oscillatory coherence [9] , resonant activation [10] , bistability solutions with hysteresis [11] , 

calcium puffs [12] , various spontaneous Ca 2+ patterns [13] , colored noise-optimized calcium wave [14] , stochastic backfiring 

[15] , stability transition [16] , and dispersion gap and localized spiral waves [17] . More importantly, Matjaž Perc et al. [18–

21] has found that noise and other stochastic effects indeed play a central role [18,19] in system. Recently, calcium wave 

instability [22,23] has also been studied. 

Martin Falcke et al. [15,17,24–29] has intensively studied ICO. For instance, a discrete stochastic model for calcium dy- 

namics in living cells [24] , spatial and temporal structures in intracellular Ca 2+ dynamics caused by fluctuations [25] , and 

key characteristics of Ca 2+ puffs in deterministic and stochastic frameworks [28] . Additionally, they clearly showed that real 

ICO is non-Gaussian [29] . As stated in above, stochastic resonance and reverse resonance have been discovered in ICO. Thus, 

in this paper, we study the effect of non-Gaussian noise on stochastic resonance of ICO. For the role of noise on some 

stochastic systems, there are also some research [30–35] . 

� This project was supported by the National Natural Science Foundation of China (Grant No. 11305079 and Grant No. 11347014 ) and Introduction of 

talent capital group fund project of Kunming University of Science and Technology (Grant No. KKZ3201407030 ), and the Candidate Talents Training Fund 

of Yunnan Province (Project No. 2015HB025). 
∗ Corresponding author. 

E-mail addresses: yndwl@sina.com.cn (W.-L. Duan), zchh2009@126.com (C. Zeng). 

http://dx.doi.org/10.1016/j.amc.2016.08.001 

0 096-30 03/© 2016 Elsevier Inc. All rights reserved. 

http://dx.doi.org/10.1016/j.amc.2016.08.001
http://www.ScienceDirect.com
http://www.elsevier.com/locate/amc
http://crossmark.crossref.org/dialog/?doi=10.1016/j.amc.2016.08.001&domain=pdf
http://dx.doi.org/10.13039/501100001809
http://dx.doi.org/10.13039/501100007301
mailto:yndwl@sina.com.cn
mailto:zchh2009@126.com
http://dx.doi.org/10.1016/j.amc.2016.08.001


W.-L. Duan, C. Zeng / Applied Mathematics and Computation 292 (2017) 400–405 401 

0.5 1 1.5 2 2.5 3
10

−3

10
−2

10
−1

10
0

p

η x
(a)

 

 

0.5 1 1.5 2 2.5 3
10

−2

10
−1

10
0

p

η y

(b)

 

 
ω=0.1
ω=0.5
ω=1

ω=0.1
ω=0.5
ω=1

Fig. 1. The SPA ηx (see Fig. 1 (a)) and ηy (see Fig. 1 (b)) vs. parameter p of non-Gaussian noises. 

2. The model for ICO with non-Gaussian noises and time delay 

In order to study easily, taking into account same time delay τ in processes of active and passive transport of Ca 2+ in 

a real cell. In this paper, x and y denote the concentration of free Ca 2+ of cytosol and calcium store in a cell, respectively. 

Based on calcium-induced calcium release, the Langevin equations of ICO system can be read as follows according to our 

previous results [7,8] : 

d t x = A 1 (x ; x τ , y τ ) + B 1 (x ; x τ , y τ ) η1 (t) , (1) 

d t y = A 2 (x, y ; x τ ) + B 2 (x, y ; x τ ) η2 (t) , (2) 

with 

A 1 (x ; x τ , y τ ) = v 0 + v 1 β0 − v 2 + v 3 τ + k f y τ − kx, (3) 

A 2 (x, y ; x τ ) = v 2 τ − v 3 − k f y, (4) 

B 1 (x ; x τ , y τ ) = 

√ 

v 2 
1 
β2 

0 
+ 2 v 1 β0 λW + W 

2 , (5) 

B 2 (x, y ; x τ ) = 

√ 

v 2 τ + v 3 + k f y 

V 

, (6) 

W (x ; x τ , y τ ) = 

√ 

v 0 + v 1 β0 + v 2 + v 3 τ + k f y τ + kx 

V 

, (7) 

and 

v 2 = 

V 2 x 
2 

x 2 + k 2 
1 

, v 3 = 

V 3 x 
4 y 2 

(x 4 + k 4 
2 
)(y 2 + k 2 

3 
) 
, (8) 



https://isiarticles.com/article/152509

