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studied6 and kinetic equations for reversible enzyme 
reactions with some logical approximate results were 
also established8,9. The formulation of algebraic model 
for the kinetics of covalent enzyme inhibition under 
less substrate involvement has also been generated in 
this continued study10. Model reduction is a strategy for 
dwindling the computational intricacy of fine models. 
Working the complex enzymatic reactions is a clumsy 
task and hence some well-known styles have been 
applied to describe their dynamics. Quasi-equilibrium 
approximation (QEA) and quasi steady- state 
approximation (QSSA) are the two standard styles 
whose approaches can be applied in natural systems, to 
reduce variables and parameters for similar 
systems11,12. Several fine workshops have explored 
models of biochemistry using differential equation 
systems13-16. Biochemical response networks, similar as 
model reductions in chemical dynamics, slow steady 
manifolds, thermodynamic estimates, response graph 
analysis by smearing fine modelling ways have been 
applied to enzyme impediments with slow and fast 
subsystems18 also, a fine model has been established 
which gives an approximate logical result using 
Homotopy anxiety system and develop logical results 
to the fine model19. 

In this analysis, we aim to study fine forms for 
developing enzyme- substrates reactions for product 
conformation predicated on time under the influence 
of Non-competitive Impediments. Formulate the 
model as a system of nonlinear differential equations 
that predicts the product conformation predicated on 
Enzyme- substrate- asset response parameters. 
Reckon the threshold value for studying the enzyme 
effectiveness, complexity, and other parameters for 
the substrate product. Study the stability analysis for 
the ideal product conformation and hence decide 
asymptotically stable results for the Enzyme- 
Substrate model with numerical simulation. 
 

Materials and Methods 
The mathematical expression of the enzyme 

kinematics problem with Non-competitive impediments 
in biochemical systems has been modeled using 
ordinary differential equations. The impediments reduce 
the activity of enzymes and bind equally well to the 
enzyme whether it has already bound the substrate and 
forms two different complexes namely Enzyme 
impediment complex and Enzyme-substrate-impediment 
complex which hinders the product formation. whereas 
It’s to be noted that enzyme may bind with substrate at 
its active site equally well and form Enzyme-substrate 

complex which releases a product and free enzyme. The 
free enzyme is then available for another reaction to 
produce a new reaction. Here the system is written as: 

The fundamental enzymatic reaction for Non-
competitive inhibitors:  
 

𝑒 ൅ 𝑠 
ሺ𝑟𝑟ሻଵ
⇌

ሺ𝑟𝑟ሻଶ
𝑒𝑠

    ௛య   
ሱ⎯⎯ሮ  𝑒 ൅ 𝑝 , 𝑒 ൅ 𝑖  

ሺ𝑟𝑟ሻସ
⇌

ሺ𝑟𝑟ሻହ
 𝑒𝑖, 𝑒𝑠 ൅ 𝑖  

ሺ𝑟𝑟ሻ଺
⇌
ℎ଻

 𝑒𝑠𝑖 

 … (1) 
 
Where 𝑖  is the inhibitor, 𝑒𝑠, 𝑒𝑖,  and 𝑒𝑠𝑖  are complex 
intermediate components. The model has seven 
parameters ሺ𝑟𝑟ሻଵ ሺ𝑟𝑟ሻ, ሺ𝑟𝑟ሻଷ, ሺ𝑟𝑟ሻସ, ሺ𝑟𝑟ሻହ, ሺ𝑟𝑟ሻ଺ and 
ሺ𝑟𝑟ሻ଻. Model variables are 𝑠 ൌ ሾ𝑠ሿ, 𝑒 ൌ ሾ𝑒ሿ, 𝑐ଵ ൌ ሾ𝑒𝑠ሿ,
𝑐ଶ ൌ ሾ𝑒𝑖ሿ, 𝑐ଷ ൌ ሾ𝑒𝑠𝑖ሿ and  𝑝 ൌ ሾ𝑝ሿ in their normalized 
concentrations to be 1 mg. 

This mechanism illustrates the binding of substrate 
𝑠  and the release of product 𝑝  in the presence of a 
Non-competitive inhibitor “𝑖”. “𝑒” is the free enzyme, 
“ 𝑐ଵ ” is the enzyme-substrate complex  “𝑐ଶ”  is the 
enzyme impediment and “ 𝑐ଷ ” is the enzyme-
substrate-impediment complex. Also ሺ𝑟𝑟ሻଵ, ሺ𝑟𝑟ሻଶ,
ሺ𝑟𝑟ሻଷ, ሺ𝑟𝑟ሻସ, ሺ𝑟𝑟ሻହ, ሺ𝑟𝑟ሻ଺ 𝑎𝑛𝑑 ሺ𝑟𝑟ሻ଻  denote the 
measure of the rate of reaction of all processes. Note 
that substrate binding, first complex binding and 
inhibitor binding are reversible, but product release is 
not. This chemical reaction, can be converted to a 
mathematical model using the law of mass action and 
favorable analysis, the system of following non-linear 
reaction equations as follows17,20: 

 
ௗ௦

ௗ௧
ൌ  െሺ𝑟𝑟ሻଵ𝑒𝑠 ൅  ሺ𝑟𝑟ሻଶ𝑐ଵ                                … (2a) 

 
ௗ௘

ௗ௧
ൌ  െሺ𝑟𝑟ሻଵ𝑒𝑠 ൅  ሺ𝑟𝑟ሻଶ𝑐ଵ ൅ ሺ𝑟𝑟ሻଷ𝑐ଵ െ ሺ𝑟𝑟ሻସ𝑒𝑖 ൅

ሺ𝑟𝑟ሻହ𝑐ଶ       … (2b) 
 
ௗ௜

ௗ௧
ൌ  ሺ𝑟𝑟ሻହ𝑐ଶ െ ሺ𝑟𝑟ሻସ𝑒𝑖 െ ሺ𝑟𝑟ሻ଺𝑐ଵ𝑖 ൅ ሺ𝑟𝑟ሻ଻𝑐ଷ … (2c) 

 

𝑑𝑐ଵ
𝑑𝑡

ൌ  ሺ𝑟𝑟ሻଵ𝑒𝑠 െ ሺ𝑟𝑟ሻଶ𝑐ଵ െ ሺ𝑟𝑟ሻଷ𝑐ଵ െ ሺ𝑟𝑟ሻ଺𝑐ଵ𝑖 ൅ ሺ𝑟𝑟ሻ଻𝑐ଷ 

… (2d) 
 
ௗ௣

ௗ௧
ൌ  ሺ𝑟𝑟ሻଷ𝑐ଵ                                                     … (2e) 

 
ௗ௖మ
ௗ௧

ൌ  ሺ𝑟𝑟ሻସ𝑒𝑖 െ ሺ𝑟𝑟ሻହ𝑐ଶ                                   … (2f) 
 
ௗ௖య
ௗ௧

ൌ  ሺ𝑟𝑟ሻ଺𝑐ଵ𝑖 െ ሺ𝑟𝑟ሻ଻𝑐ଷ                                  ... (2g) 
 

Where ሺ𝑟𝑟ሻଵ is the measure of the forward rate of 
complex formation 𝑐ଵ , ሺ𝑟𝑟ሻଶ  is the measure of the 
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






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
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𝑟𝑟ሻ଺𝑖 െ ሺ𝑟𝑟ሻ଻
ሻ଺ሺ𝑟𝑟ሻଶ𝑖 ൅ ሺ𝑟𝑟ሻ଻ሻ

቏ 

s non-zero 
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Boundedness / Existence of solution 
Theorem: Let 𝐷 ⊆  ℝ ൈ ℝ௡ e a closed rectangle 

with ሺ𝑡଴,𝑦଴ሻ ∈ 𝐷. Let𝑓:𝐷 →  ℝ௡ be a function that is 
continuous in t and Lipchitz Continuous in y. Then, 
there exists some 𝜀 ൐ 0 such that the initial value 
problem 𝑦ᇱሺ𝑡ሻ ൌ 𝑓൫𝑡,𝑦ሺ𝑡ሻ൯,𝑦ሺ𝑡଴ሻ ൌ  𝑦଴.ൌ has a 
unique solution𝑦ሺ𝑡ሻon the interval ሾ𝑡଴ െ  𝜀, 𝑡଴ ൅  𝜀ሿ. 

The mathematical model of our system is well-
posed. Picard’s theorem states that its unique solution 
exist and is constantly dependent on the initial data. 
Because we are dealing with the human population, 
we must guarantee that our solutions are positive  
and bound23. 

 
Equilibrium Point and their existence: 

Solving the algebraic equations(6a) (6b) and (6c),  
ௗ௦

ௗ௧
ൌ  െሺ𝑟𝑟ሻଵ𝑠ሺ𝑒଴ െ 𝑖଴ ൅ 𝑖 െ 𝑐ଵሻ ൅ ሺ𝑟𝑟ሻଶ𝑐ଵ      ... (6a) 

 
ௗ௜

ௗ௧
ൌ െሺ𝑟𝑟ሻସ𝑖ሺ𝑒଴ െ 𝑖଴ ൅ 𝑖 െ 𝑐ଵሻ ൅ ሺ𝑟𝑟ሻହሺ𝑠 ൅ 𝑝𝑐ଵ ൅ 𝑖଴ െ

𝑠଴ െ 𝑖ሻ െ ሺ𝑟𝑟ሻ଺𝑖𝑐ଵ ൅ ሺ𝑟𝑟ሻ଻ሺ𝑠଴ െ 𝑠 െ 𝑐ଵ െ 𝑝ሻ          ... (6b) 
 
ௗ௖భ
ௗ௧

ൌ ሺ𝑟𝑟ሻଵ𝑠ሺ𝑒଴ െ 𝑖଴ ൅ 𝑖 െ 𝑐ଵሻ െ ሺሺ𝑟𝑟ሻଶ ൅ ሺ𝑟𝑟ሻଷ ൅
ሺ𝑟𝑟ሻ଺𝑖ሻ𝑐ଵ ൅ ሺ𝑟𝑟ሻ଻ሺ𝑠଴ െ 𝑠 െ 𝑐ଵ െ 𝑝ሻ           ... (6c) 
 
The equilibrium points of System are defined to be: 
There are four equilibrium points 𝐸௜ሺ𝑠, 𝑖, 𝑐ଵሻ as: 
1. 𝐸ଵ ቀ

ሺ௥௥ሻమ௖భ
ሺ௥௥ሻభሺ௘బି௜బା௜ି௖భሻ

,
଻ሺ௥௥ሻమሺ௣ି௦బሻା௦ሺ଻ାହሺ௥௥ሻభିሺ௥௥ሻమሻ

ି଺௦ሺ௥௥ሻభ
,

଻ሺ௥௥ሻభሺ௣ି௦బሻ

ሺ௥௥ሻమି଻ିଵଶሺ௥௥ሻభି଺௜ሺ௥௥ሻభ
ቁ. 

 

2. 𝐸ଶ ቌ0,
ିሺሺ௥௥ሻఱିሺ௥௥ሻరሺ௜బି௘బሻሻേටሺሺ௥௥ሻఱିሺ௥௥ሻరሺ௜బି௘బሻሻమିସሺ௥௥ሻర൫ሺ௥௥ሻఱሺ௜బି௣ሻ൯

ሺ௥௥ሻర௖భାሺ௥௥ሻఱ
, 0ቍ  exists 

under the condition, 𝑠଴ ൌ 𝑝 . 
 

3. 

     
            
       

       
       
         

02 7

0 01 2 3 6 7

1 0 0 0 15 7
3

0 0 1 14 6 5

0 0 01 7

1 2 3 6 7

( ,

,

rr rr s s p

rr e i i rr rr rr i rr

rr s pc i s rr s s c p
E

rr e i i c c rr rr

rr s e i i rr s s p

rr s rr rr rr i rr

  
 

     
 

       
      
     
 
     

 

 
4. 𝐸ସሺ𝑠∗, 𝑖∗, 𝑐∗ሻwhere, 
𝑠∗ ൌ ሺെ2ሺ𝑟𝑟ሻ𝑚ସ𝑟ଶ𝑐ଵሻ/ሺെ2ሺ𝑟𝑟ሻ_4 ሺ𝑖଴ െ 𝑒଴ ൅ 𝑐ଵሻ െ ሾሺ𝑟𝑟ሻସ ሺ𝑒଴ െ 𝑖଴ െ 𝑐ଵ ሻ

൅ ሺ𝑟𝑟ሻ଺𝑐ଵ ൅ ሺ𝑟𝑟ሻହ
േ √ሺሺሺ𝑟𝑟ሻସሺ𝑒଴ െ 𝑖଴ െ 𝑐ଵሻ ൅ ሺ𝑟𝑟ሻ଺𝑐ଵ ൅ ሺ𝑟𝑟ሻହሻଶ

൅ 4ሺ𝑟𝑟ሻସ ሺሺ𝑟𝑟ሻହ ሺ𝑠 ൅ 𝑝𝑐ଵ ൅ 𝑖଴ െ 𝑠଴ ሻሻ ൅ ሺ𝑟𝑟ሻ଻ ሺ𝑠଴
െ 𝑠 െ 𝑐ଵ െ 𝑝ሻ ሻሻ 

 
𝑖∗ ൌ ሺሺ𝑟𝑟ሻସ ሺ𝑒଴ െ 𝑖଴ െ 𝑐ଵ ሻ ൅ ሺ𝑟𝑟ሻ଺𝑐ଵ ൅ ሺ𝑟𝑟ሻହ

േ  √ሺሺሺ𝑟𝑟ሻସሺ𝑒଴ െ 𝑖଴ െ 𝑐ଵሻ ൅ ሺ𝑟𝑟ሻ଺𝑐ଵ ൅ ሺ𝑟𝑟ሻହሻଶ

൅ 4ሺ𝑟𝑟ሻସ ሺሺ𝑟𝑟ሻହ ሺ𝑠 ൅ 𝑝𝑐ଵ ൅ 𝑖଴ െ 𝑠଴ ሻሻ ൅ ሺ𝑟𝑟ሻ଻ ሺ𝑠଴
െ 𝑠 െ 𝑐ଵ െ 𝑝ሻ ሻሻ/ሺെ2ሺ𝑟𝑟ሻସ ሻ 

𝑐∗ ൌ
7ሺ𝑝 െ 𝑠଴ሻ

ሺ𝑟𝑟ሻଶ െ ሺ12 ൅ 6𝑖ሻ െ ቂ
଻ሺ௥௥ሻమ

ሺ௥௥ሻభሺ௘బି௜బା௜ି௖భሻ
ቃ
 

 
Stability analysis 

The local/global stability behaviour of equilibrium 
points is determined by eigenvalues of corresponding 
Jacobian Matrix24-27. 

Theorem: The equilibrium point is asymptotically 
stable if all the Eigenvalues of a 𝑛 ൈ 𝑛 matrix must 
be negative, provided they are real. 

Theorem: The equilibrium point is asymptotically 
stable if the real part of each complex Eigenvalues of 
a 𝑛 ൈ 𝑛  matrix is negative. 

The general Jacobian Matrix M for our model (7a) 
(7b) and (7c) is given as: 
 

     
         

         

0 0 11 1

15 7 4 5 6

0 0 1 11 7 1 6

2

rr e i i c rr s

M rr rr rr i rr rr c

rr e i i c rr rr s rr c

     


    


    

   
        

         

1 2

4 6 5 7

1 2 3 6 7
( )

rr s rr

rr rr i rr p rr

rr s rr rr rr i rr




   


     

 

 
Let 𝑀௜ , Where 𝑖 ൌ 1,2, 3 & 4  be the matrix 

evaluated at the equilibrium point 𝐸௜where 𝑖 ൌ 1,2, 3 
& 4. 

Then the matrix 𝑀ଵ evaluated at the equilibrium 𝐸ଵ 
is represented as follows: 

 
𝑀ଵ

ൌ  ቎
െሺ𝑟𝑟ሻଵሺ𝑒଴ െ 𝑖଴ ൅ 𝑖 െ 𝑐ଵሻ െሺ𝑟𝑟ሻଵ𝑠 ሺ𝑟𝑟ሻଵ𝑠 ൅ ሺ𝑟𝑟ሻଶ

ሺ𝑟𝑟ሻହ െ ሺ𝑟𝑟ሻ଻ െ2ሺ𝑟𝑟ሻସ𝑖 െ ሺ𝑟𝑟ሻହ െ ሺ𝑟𝑟ሻ଺𝑐ଵ ሺሺ𝑟𝑟ሻସ െ ሺ𝑟𝑟ሻ଺ሻ𝑖 ൅ ሺ𝑟𝑟ሻହ𝑝 െ ሺ𝑟𝑟ሻ଻
ሺ𝑟𝑟ሻଵሺ𝑒଴ െ 𝑖଴ ൅ 𝑖 െ 𝑐ଵሻ െ ሺ𝑟𝑟ሻ଻ ሺ𝑟𝑟ሻଵ𝑠 െ ሺ𝑟𝑟ሻ଺𝑐ଵ െሺሺ𝑟𝑟ሻଵ𝑠 ൅ ሺ𝑟𝑟ሻଶ ൅  ሺ𝑟𝑟ሻଷ ൅ ሺ𝑟𝑟ሻ଺𝑖 ൅ ሺ𝑟𝑟ሻ଻ሻ

቏ 

 

Where;  
 

𝑠 ൌ ൬
ሺ𝑟𝑟ሻଶ𝑐ଵ

ሺ𝑟𝑟ሻଵሺ𝑒଴ െ 𝑖଴ ൅ 𝑖 െ 𝑐ଵሻ
൰ , 𝑖

ൌ  
7ሺ𝑟𝑟ሻଶሺ𝑝 െ 𝑠଴ሻ ൅ 𝑠ሺ7 ൅ 5ሺ𝑟𝑟ሻଵ െ ሺ𝑟𝑟ሻଶሻ

െ6𝑠ሺ𝑟𝑟ሻଵ
, 𝑎𝑛𝑑  

 

𝑐ଵ ൌ  
7ሺ𝑟𝑟ሻଵሺ𝑝 െ 𝑠଴ሻ

ሺ𝑟𝑟ሻଶ െ 7 െ 12ሺ𝑟𝑟ሻଵ െ 6𝑖ሺ𝑟𝑟ሻଵ
 

 

Since, the matrix 𝑀ଵ  has negative eigen values 
hence, 𝐸ଵis a stable equilibrium point. 

Now, 𝑀ଶ be the matrix evaluated at the equilibrium 
𝐸ଶ is symbolized as follows: 
 

𝑀ଶ ൌ  ቎
െሺ𝑟𝑟ሻଵሺ𝑒଴ െ 𝑖଴ ൅ 𝑖ሻ െሺ𝑟𝑟ሻଵ ሺ𝑟𝑟ሻଵ ൅ ሺ𝑟𝑟ሻଶ

ሺ𝑟𝑟ሻହ െ ሺ𝑟𝑟ሻ଻ െ2ሺ𝑟𝑟ሻସ𝑖 െ ሺ𝑟𝑟ሻହ െ ሺ𝑟𝑟ሻ଺ ሺሺ𝑟𝑟ሻସ െ ሺ𝑟𝑟ሻ଺ሻ𝑖 ൅ ሺ𝑟𝑟ሻହ𝑝 െ ሺ𝑟𝑟ሻ଻
ሺ𝑟𝑟ሻଵሺ𝑒଴ െ 𝑖଴ ൅ 𝑖ሻ െ ሺ𝑟𝑟ሻ଻ ሺ𝑟𝑟ሻଵ െ ሺ𝑟𝑟ሻ଺ െሺሺ𝑟𝑟ሻଵ𝑠 ൅ ሺ𝑟𝑟ሻଶ ൅  ሺ𝑟𝑟ሻଷ ൅ ሺ𝑟𝑟ሻ଺𝑖 ൅ ሺ𝑟𝑟ሻ଻ሻ

቏ 

 
Where;  

𝑖 ൌ
െሺሺ𝑟𝑟ሻହ െ ሺ𝑟𝑟ሻସሺ𝑖଴ െ 𝑒଴ሻሻ േ ටሺሺ𝑟𝑟ሻହ െ ሺ𝑟𝑟ሻସሺ𝑖଴ െ 𝑒଴ሻሻଶ െ 4ሺ𝑟𝑟ሻସ൫ሺ𝑟𝑟ሻହሺ𝑖଴ െ 𝑝ሻ൯

ሺ𝑟𝑟ሻସ𝑐ଵ ൅ ሺ𝑟𝑟ሻହ
,   

As the matrix 𝑀ଶ  contributes the negative eigen 
values under the condition: 𝑠଴ ൌ 𝑝 , 𝐸ଶ  is a stable 
equilibrium point. 
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Again, the matrix 𝑀ଷ calculated at the equilibrium 
𝐸ଷ is characterized as follows: 

 

     
         

         

0 0 11 1

3 15 7 4 5 6

0 0 1 11 7 1 6

2

rr e i i c rr s

M rr rr rr i rr rr c

rr e i i c rr rr s rr c

     


    


      
 

   
        

         

1 2

4 6 5 7

1 2 3 6 7
( )

rr s rr

rr rr i rr p rr

rr s rr rr rr i rr




   


     

 

 

Where; 
 

𝑠 ൌ  
ሺ𝑟𝑟ሻଶሺ𝑟𝑟ሻ଻ሺ𝑠଴ െ 𝑠 െ 𝑝ሻ

ሺ𝑟𝑟ሻଵሺ𝑒଴ െ 𝑖଴ ൅ 𝑖 ሻሺሺ𝑟𝑟ሻଶ ൅ ሺ𝑟𝑟ሻଷ ൅ ሺ𝑟𝑟ሻ଺𝑖 ൅ ሺ𝑟𝑟ሻ଻ሻ
 

𝑖 ൌ  
ሺ𝑟𝑟ሻହሺ𝑠 ൅ 𝑝𝑐ଵ ൅ 𝑖଴ െ 𝑠଴ሻ ൅ ሺ𝑟𝑟ሻ଻ሺ𝑠଴ െ 𝑠 െ 𝑐ଵ െ 𝑝ሻ

ሺ𝑟𝑟ሻସሺ𝑒଴ െ 𝑖଴ ൅ 𝑖 െ 𝑐ଵሻ ൅ 𝑐ଵሺ𝑟𝑟ሻ଺ ൅ ሺ𝑟𝑟ሻହ
 𝑎𝑛𝑑 

 

𝑐ଵ ൌ  ቆ
ሺ𝑟𝑟ሻଵ𝑠ሺ𝑒଴ െ 𝑖଴ ൅ 𝑖 ሻ ൅ ሺ𝑟𝑟ሻ଻ሺ𝑠଴ െ 𝑠 െ 𝑝ሻ

ሺ𝑟𝑟ሻଵ𝑠 ൅ ሺ𝑟𝑟ሻଶ ൅ ሺ𝑟𝑟ሻଷ ൅ ሺ𝑟𝑟ሻ଺𝑖 ൅ ሺ𝑟𝑟ሻ଻
ቇ 

] 

Since, the matrix 𝑀ଷ  contributes negative Eigen 
values, 𝐸ଷ is a stable equilibrium point. 

Similarly, the matrix 𝑀ସ  calculated at the 
equilibrium 𝐸ସ is characterized as follows: 
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Since, the matrix 𝑀ସ  contributes negative Eigen 
values, 𝐸ସ is a stable equilibrium point. 
 
Sensitive analysis 

On considering the initial conditions to be equal for 
all quantities. (as 𝑒ሺ0ሻ ൌ 𝑠ሺ0ሻ ൌ 𝑖ሺ0ሻ ൌ 1 𝑚𝑔. ሻ The 
corresponding parametric values can be measured one 
by one keeping any one of them fixed. As we keep 

particular parameter fixed, total 720 different 
possibilities of other parameters could be analyzed as 
per their time consumption which is possible for all 
seven parameters and hence total five thousand and 
forty cases do exist. These cases can be analyzed to 
understand the mechanism of variables and conclude 
the pattern or ranges of the parameters for optimal 
results. Analysis of the parameters in our study states 
that value of parameter ሺ𝑟𝑟ሻଷ shall be maximized, this 
can be proved from the equation of product which is 
directly integrable. It is also analyzed that the value of 
parameters ሺ𝑟𝑟ሻସ, ሺ𝑟𝑟ሻଶ and ሺ𝑟𝑟ሻ଺  shall be keep 
smaller as compared to the others. It is to be noted 
that values of parameters ሺ𝑟𝑟ሻସ𝑡𝑜 ሺ𝑟𝑟ሻ଻  must be 
optimized for ideal product formation. we conclude 
that under the assumption ሺ𝑟𝑟ሻଶ ൏ ሺ𝑟𝑟ሻହ ൏ ሺ𝑟𝑟ሻ଺ ൏
ሺ𝑟𝑟ሻସ ൏ ሺ𝑟𝑟ሻଷ ൏ ሺ𝑟𝑟ሻଵ ൏ ሺ𝑟𝑟ሻ଻  time consumption is 
minimum whereas it is maximum in ሺ𝑟𝑟ሻଵ ൏ ሺ𝑟𝑟ሻ଻ ൏
ሺ𝑟𝑟ሻଷ ൏ ሺ𝑟𝑟ሻସ ൏ ሺ𝑟𝑟ሻହ ൏ ሺ𝑟𝑟ሻସ ൏ ሺ𝑟𝑟ሻଶ . It is 
important to look that taking any parametric values to 
be non – positive, it results to the failure. Hence 
system is stable for positive values only. 
 
Results and Discussion 

As the minimum time consumption for product 
formation is under the assumption ሺ𝑟𝑟ሻଶ ൏ ሺ𝑟𝑟ሻହ ൏
ሺ𝑟𝑟ሻ଺ ൏ ሺ𝑟𝑟ሻସ ൏ ሺ𝑟𝑟ሻଷ ൏ ሺ𝑟𝑟ሻଵ ൏ ሺ𝑟𝑟ሻ଻, keeping the 
parameters to be fixed at ሺ𝑟𝑟ሻଵ ൌ 0.8, ሺ𝑟𝑟ሻଶ ൌ
0.3, ሺ𝑟𝑟ሻଷ ൌ 0.7, ሺ𝑟𝑟ሻସ ൌ 0.6, ሺ𝑟𝑟ሻହ ൌ 0.4, ሺ𝑟𝑟ሻ଺ ൌ
0.5, ሺ𝑟𝑟ሻ଻ ൌ 0.9. The rate of change of reaction for  
enzyme-substrate in presence of Un-Competitive 
inhibitor for this hypothesis is studied as follows:  

Case-I: The initial concentration of enzyme is less 
than inhibitor is less than that of substrate ሺ𝑒ሺ0ሻ ൌ
 0.8 𝑚𝑔, 𝑖ሺ0ሻ ൌ 1 𝑚𝑔𝑎𝑛𝑑𝑠ሺ0ሻ ൌ  1.2𝑚𝑔ሻ(Fig. 1a). 

Case-II: The initial concentration of enzyme is less 
than substrate is less than that of inhibitor ሺ𝑒ሺ0ሻ ൌ
0.8 𝑚𝑔, 𝑠ሺ0ሻ ൌ 1 𝑚𝑔 𝑎𝑛𝑑 𝑖ሺ0ሻ ൌ 1.2 𝑚𝑔ሻ(Fig. 1b). 

Case-III: The initial concentration of substrate is 
less than inhibitor is less than that of enzyme ሺ𝑠ሺ0ሻ ൌ
0.8 𝑚𝑔, 𝑖ሺ0ሻ ൌ 1 𝑚𝑔 𝑎𝑛𝑑 𝑒ሺ0ሻ ൌ 1.2 𝑚𝑔ሻ(Fig. 1c). 

Case-IV: The initial concentration of inhibitor is 
less than substrate is less than that of enzyme 
ሺ𝑖ሺ0ሻ ൌ 0.8 𝑚𝑔, 𝑠ሺ0ሻ ൌ 1 𝑚𝑔 𝑎𝑛𝑑 𝑒ሺ0ሻ ൌ 1.2 𝑚𝑔ሻ(Fig. 1d) 

Case-V: The initial concentration of inhibitor is less 
than enzyme is less than that of substrate ሺ𝑖ሺ0ሻ ൌ
0.8 𝑚𝑔, 𝑒ሺ0ሻ ൌ 1 𝑚𝑔 𝑎𝑛𝑑 𝑠ሺ0ሻ ൌ 1.2 𝑚𝑔ሻ (Fig. 1e) 
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Case-VI: The initial concentration of substrate is 
less than enzyme is less than that of inhibitor 
ሺ𝑠ሺ0ሻ ൌ 0.8 𝑚𝑔, 𝑒ሺ0ሻ ൌ 1 𝑚𝑔 𝑎𝑛𝑑 𝑖ሺ0ሻ ൌ
1.2 𝑚𝑔ሻ(Fig. 1f) 

Case-VII: The initial concentration of all enzyme, 
Inhibitor and substrate is taken to be equal ሺ𝑒ሺ0ሻ ൌ
 𝑠ሺ0ሻ ൌ  𝑖ሺ0ሻ ൌ 1 𝑚𝑔ሻ(Fig. 1g) 

It is noted that, while compelling all the possible ratios 
of concentration of substrate, enzyme and inhibitor with 
fixed parametric values respectively, the timing of 
product formation does vary. Which states that even after 
keeping the parametric values constant, a slight variation 
in concentration of any of the three variables leads to 
dynamic change in ideal product formation. 

Conclusion 
This study reveals that experimentally observed 

enzyme-substrate relationships under the influence of 
uncompetitive inhibitors align with theoretical 
calculations. The computed reproduction numberof -
0.4 serves as a threshold value for optimal product 
formation, reinforcing the predictive accuracy of 
mathematical modeling in biochemical processes. 
Stability analysis confirms that variations in rate 
constants significantly affect the time required for 

product formation, demonstrating the sensitivity of 
enzymatic reactions to environmental fluctuations. 

The findings emphasize that enzyme concentration 
must be lower than substrate and inhibitor levels for 
ideal product formation, while substrate and inhibitor 
concentrations may be equal or slightly elevated. 
Conversely, excess enzyme concentration prolongs 
the reaction time, which has direct implications for 
drug design and metabolic regulation. These insights 
contribute to medical biotechnology, particularly in 
optimizing enzyme-based therapeutic formulations 
and pharmacokinetics. 

From a bioinformatics perspective, the derived 
model and parametric evaluations provide a 
foundation for computational simulations of enzyme-
inhibitor interactions, assisting in predictive analytics 
for drug efficacy and biochemical stability. The 
restrictions outlined for initial conditions could be 
integrated into machine-learning models for designing 
enzyme-targeted pharmaceuticals with enhanced 
efficiency. This analytical framework advances 
enzyme-based drug development, ensuring precision 
in therapeutic interventions and biotechnological 
innovations. 

Fig. 1 — Time – Concentration relation for (a) 𝑒ሺ0ሻ ൏ 𝑖ሺ0ሻ ൏ 𝑠ሺ0ሻ; (b) 𝑒ሺ0ሻ ൏ 𝑠ሺ0ሻ ൏ 𝑖ሺ0ሻ; (c) 𝑠ሺ0ሻ ൏ 𝑖ሺ0ሻ ൏ 𝑒ሺ0ሻ; (d) 𝑖ሺ0ሻ ൏ 𝑠ሺ0ሻ ൏
𝑒ሺ0ሻ; (e) 𝑖ሺ0ሻ ൏ 𝑒ሺ0ሻ ൏ 𝑠ሺ0ሻ; (f) 𝑠ሺ0ሻ ൏ 𝑒ሺ0ሻ ൏ 𝑖ሺ0ሻ; and (g) 𝑒ሺ0ሻ ൌ 𝑖ሺ0ሻ ൌ 𝑠ሺ0ሻ 
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