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Rat hepatocytes stimulated with (A) 2μM phenylephrine, (B) 1.2 μM ATP 

Simple oscillations (spiking) (A) (B) Complex oscillations (bursting) 

How do intrinsic fluctuations interact 
with the “complexity” of intracellular 

Ca2+ dynamics?
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Intracellular Calcium (Ca2+) dynamics

Stochastic modelling
with Chemical Langevin 
Equation:
System size (    )
Intrinsic fluctuation∼

1
√

V
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Ø Permutation Entropy  
Ø Statistical Complexity
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Coupled, non-linear ODEs
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Regular (Periodic) RandomChaotic

Permutation Entropy - a complexity measure for time series
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Statistical Complexity

(a) (b) 

Non-Equilibrium Chemical Reaction System

(a) Intracellular Ca2+ oscillation (b) Hindmarsh-Rose neuron model  

Chemical Langevin Equation:

Investigate dissipation in 
stochastic complex 

oscillations

Stochastic thermodynamics 
Ø Non-Equilibrium Steady State 
Ø Total Entropy Production Rate 

Poster #3

Complexity-Entropy Plane
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