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Abstract – Insulin is the signal for the body to absorb glucose 

from the blood. Insulin plays an important role especially in 

the liver, muscles and adipose cell in homeostasis of blood 

glucose concentration. The action of insulin starts with its 

binding to the receptors located on the membrane of target 

cells. The insulin receptor exists on the membrane of all 

mammalian cells. In this paper we estimate the total energy 

spent for one Insulin receptor and we have discussed the 

relationship between insulin-insulin receptor in hepatic cell 

using queuing model and obtained optimum number of insulin 

receptors for normal metabolism which is indicated with the 

help of energy graph. 
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I. INTRODUCTION 

 

Insulin is a key player in the control of intermediary 

metabolism. Insulin has profound effect on both 

carbohydrates and lipid metabolism and significant 

influences on protein and mineral metabolisms. Any 

increase or decrease in normal production leads to several 

disorders like polyurea, polydipsia and weight loss in 

metabolism.  
The discovery of insulin had a strong influence both in the 

study of diabetes. In 1869 Paul Langerhans, a medical 

student in Berlin, discovered a distinct collection of cells 

within the pancreas. These cells were later called as Islets of 

Langerhans. Oskar Minkowski observed that total 

pancreatectomy leads to the development of severe diabetes 

mellitus as the pancreas is responsible for metabolic controls 

[10]. Long before the discovery of Insulin, it was 

hypothesized that the pancreas secreted a substance that 

controlled carbohydrate metabolism [18], the discovery of 

insulin in 1921 marked a major breakthrough in medicine 

and therapy in patients with diabetes, the first patient was 

treated a year later in 1922 and proinsulin was discovered 

more than fifty years later by George Steince of university 

of Chicago in 1961.  

Several mathematical models have been developed to 

study insulin. Sonksen [17] in his paper gives a brief 

introduction about the discovery of insulin by sir Edward 

Schafer who was a professor in physiology in Edinburgh. 

Felig et al [14] discusses that insulin is only secreted by Beta 

cells of the islets of langaerhans of the pancreas. Insulin 

regulates, the amount of insulin necessary to inhibit 

glycogenolysis. These actions of insulin begin with the 

binding of insulin to the insulin receptor. 

Cagin and Levent [3] reveal that queuing theory can be 

applied to insulin level and number of insulin receptors and 

the simulation of insulin levels obtained through queueing 

analysis may identify etiological origins of some insulin 

related metabolic disorders. 

 

II. INSULIN STIMULATION IN THE LIVER 
 

Large fraction of glucose absorbed from the small 

intestine is taken up by the hepatocytes which converts it 

into the storage polymer glycogen. Insulin has several 

effects in liver which stimulates glycogen synthesis. Insulin 

also activates several of the enzymes that are involved in 

glycogen synthesis. When supply of glucose is abundant, 

insulin tells the liver to bank as much of it as possible for 

later use [5]. Pancreatic beta and alpha cells are responsible 

for controlling the level of glucose in the blood by 

stimulating its uptake by muscles and storing it as glycogen 

in the liver. Consequently damage in either beta or alpha 

cells can lead to a dysfunction in insulin secretion. Zeilinger 

et al [9] gives an overview of the major human cell sources 

under investigation for in vitro liver cell culture models, 

including primary human liver cells, liver cell lines, and 

stem cells. 

 

 
 

III. QUEUING THEORY 
 

Queuing theory is the mathematical study of waiting lines, 

or queues. Queue or waiting line is a social phenomena 

common in any modern society, when the available facilities 

are not sufficient to meet the immediate needs of the 

customers. It provides a powerful tool for designing and 

evaluating the performance of queuing system. The first 

paper on queuing theory” the theory of probabilities and 

telephone Conversation” was published in 1909 by A.K. 

Erlang. In essence all queuing systems can be broken down 

into individual sub-systems consisting of entities queuing 

for some activity (as shown below). 
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IV. MODEL: M/M/C QUEUING SYSTEM 
 

In queuing theory, a discipline within the 

mathematical theory of probability, the M/M/c 

queue (or Erlang – C model) is a multi-server queuing 

model. Kendall [4] describes a system where arrivals form 

a single queue are governed by a Poisson process, where in 

there are c servers and job service times are exponentially 

distributed. It is a generalization of the M/M/1 queue which 

considers only a single server. The model with having c 

servers is the M/M/c queue. When a customer enters an 

empty system, he gets the service at once. If the system is 

non-empty the incoming customer joins the queue. 

Churchman [6] described about the M/M/c model which is 

a Poisson birth death process. 

 

Birth Occurs→ Customer arrives 

Death Occurs → Customer departs. 

 

The queue discipline is First come First serve (FCFS). In 

present study we use the concept of jockeying wherein the 

actions of insulin while in a queue waiting for service to 

begin moves from one receptor to an another receptor of 

shorter line. 

Let the mean (or average) number of arrivals per time 

period, which is also called the mean arrival rate, and µ to 

be the mean (or average) number of customers serve per 

time period, i.e. the mean service rate. 

 

 
 

Taha [19] obtained the optimum number of server to reach 

the minimum cost. In this paper we consider the cost, 

number of servers (Insulin Receptor), customers (Insulin) 

their arrival rate and service rate which correspond to energy 

value. By using queuing theory we have to calculate the 

energy value. 

 

IV. LIST OF PARAMETERS 
 

Let  be the arrival rate of customers (Insulin) per unit 

time with min)./( mLU and let  be the service rate. 

The number of servers c is (300/receptors in hepatic cell). 

Expected number of Insulin in the queue is given by qL .

sL  that represents the expected number of Insulin in the 

system, qW is the total waiting time in queue, and sW is total 

waiting time in the system. The parameters for energy spent 

are given as follows. 

C : Total energy spent for one insulin receptor. 

1C : Is the energy spent value for insulin and insulin 

receptor complex. 

2C : Is the energy gap of over production. 

3C : Is the energy value of jockeying customer. 

The total energy value is calculated by the combination of 

the values ,qL ,sL 1,C 2 ,C
3C  respectively. Where, 
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As we have seen in the above equations the parameters 

are defined in the study as follows ; 

c represents the number of insulin receptor, 𝐿𝑞 is the 

expected amount of insulin in the queue, 𝐿𝑠 is the expected 

amount of insulin in the system, 𝑊𝑠 is the waiting time of 

insulin to interact with the receptor in the system, 𝑊𝑞  

waiting time of insulin to interact with the receptor in the 

queue. 

 

Table 1. Calculated values for c, 𝑃0, 𝐿𝑞 , 𝐿𝑠, 𝑊𝑠 & 𝑊𝑞  

C 𝑃0 
𝐿𝑞 

( / )U mL  

𝐿𝑠 

( / )U mL  

𝑊𝑠 

(min) 

𝑊𝑞 

(min) 

3 0.1661 0.5715 2.3567 0.5156 0.1250 

4 0.1855 0.1142 1.8994 0.4156 0.0249 

5 0.1892 0.0046 1.7851 0.3906 0.0010 

6 0.1899 0.0020 1.7851 0.3906 0.0004 

7 0.1900 0.0010 1.7851 0.3906 0.0002 

8 0.1979 0.0001 1.7851 0.3906 0.0000 

9 0.1979 0.0000 1.7851 0.3906 0.0000 

10 0.1979 0.0000 1.7851 0.3906 0.0000 

 

From Table 1 we observe that  as the value of c increases 

then the steady state values decreases and at a  certain  state 

the values does not have any significant change. The total 

energy spent for one insulin receptor value is calculated by 

using the above tabulated values. 

 

 

https://en.wikipedia.org/wiki/Queueing_theory
https://en.wikipedia.org/wiki/Probability_theory
https://en.wikipedia.org/wiki/Queueing_model
https://en.wikipedia.org/wiki/Queueing_model
https://en.wikipedia.org/wiki/Poisson_process
https://en.wikipedia.org/wiki/M/M/1_queue
https://en.wikipedia.org/wiki/M/M/%E2%88%9E_queue
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In Graph 1, x-axis represents the number of insulin 

receptors, and y-axis represents the number of customers in 

the queue. Whereas in Graph 2, x-axis shows the number of 

insulin receptors against the steady state values plotted in  y-

axis. 

 

VI. ENERGY EQUATION 
 

Here optimum cost value is taken as energy value 

( ( ) ( ( )) ( ( )) ( ( ))T n qE C N E C N E Cs N E C N     

where, 

)(( NCE T
: Expected total energy spent per insulin 

receptor 

))(( NCE n
: Expected number of receptor 

))(( NCsE : Expected number of insulin in the system 

))(( NCE q
: Expected number of insulin in the queue.  

Hence the above energy equation is simplified as follows. 

qs LCLCcCC 321.  . 

As already noted that c is expressed as the number of 

insulin receptors, so the above formula is used for finding 

the total energy spent for one insulin receptor. 

 

 
 

Here X-axis represents the number of receptors and Y-

axis total energy values, for c = 3 and the value decreases 

from 2.3858 to 2.06844 at c = 4 the value again decreases to 

2.05636 at c = 5. Then values starts increasing. The 

optimum value occurs only at minimum level hence the 

optimum number of insulin receptor is 5x 103 in the hepatic 

cell. The disorders in the metabolism is due to the change in 

data values. 

 

 

VII. RESULT 
 

The arrival rate is taken as ( ) and service rate is taken 

as (  ). These two values were found out from a table on 

glucose-insulin kinetics [5, 13]. The arrival and service rates 

were calculated in the increases and decreases of insulin 

level in the corresponding time period. Total spent energy is 

denoted by C which has been expressed as ATP, the number 

of receptors (c, 300 /hepatic cell). 

 

VIII. DISCUSSION 
   

Jeppe sturis [8] summarizes that the oscillation in human 

insulin secretion have been observed in two distinct periods, 

the oscillations could result from the feedback loop between 

insulin and glucose, a parsimonious mathematical model 

including the major mechanism involved in glucose 

regulation was developed. Isabella [1] in her paper 

summarizes comprehensively the current state of knowledge 

pertaining to the molecular mechanism that leads to insulin 

resistance in hepatocytes and sinusoidal liver cells. Yesenia 

[20] explains how each hormone is activated and how it 

affects glucose level in blood, a mathematical model 

determines diabetes in patients based on the result of glucose 

tolerance test of 5 hours, the model further extends to three 

hormone concentration and a graphical user interface was 

developed to facilitate the entering data and visualization of 

the result. Irel and Sarah [12] review addresses the research 

in the field of generating functional insulin producing cells 

by transdifferentiation of adult liver cells in both in vitro and 

in vivo. Jean Girard in his study demonstrates that direct 

effect of insulin on the liver dominates the control of HGP.  

Tolic [7] shows that interaction between the oscillatory 

insulin supply and the receptor dynamic can be of minute 

significance however to interpret seemingly conflicting 

result of clinical studies in terms of their different 

experimental conditions with respect to the hepatic glucose 

released. He focuses on the effect of an oscillatory supply of 

insulin experiments have shown that a pulsatile supply of 

insulin can have a higher hypoglycemic effect that a 

constant supply at the same average rate.. Wiam [2] 

proposes a mathematical model dealing with the dynamics 

of glucose, insulin and glycogen. Brenner [11] proposes to 

use mathematical model of glucose – insulin hemostasis to 

estimate insulin secretion, glucose uptake by tissues and 

hepatic handling of glucose. 

Very few studies have discussed the mathematical model 

for insulin – insulin receptor. No authors have discussed 

about Insulin - Insulin Receptor in hepatic cell.  In this paper 

we have discussed about the relationship between Insulin - 

Insulin Receptor in hepatic cell using queuing model and 

obtained the optimum number of insulin receptors for 

normal metabolism, any deviations from it will indicate in 

vitro and in vivo metabolic disorder. Thus depending on c 

values, either glucose injection or drips has to be given if 

hypoglycemia (receptor increases) or insulin injection has to 

be given in hyperglycemia (receptor decreases). So our data 

prediction model will be helpful for doctors in treating 

glucose related emergencies, to have optimum number of 
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receptors working, so that both low glucose or high glucose 

concentration in blood can be corrected at the earliest. 
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