Transport Model for Diffusion of Nitric Oxide
(From the Ph.D. Dissertation of Clif Frilot)

Description of Model

A transient mathematical model to simulate the passive diffusion of platelet generated agonists and inhibitors was developed.  Upon local activation by collagen (a strong platelet activator), the platelet membrane catalyzes the production of agonists and inhibitors such as TxA2, thrombin, and nitric oxide (NO).  This development will be described with respect to production and transport of NO.
Modeling Assumptions

1. Platelets adhere in a monolayer along a wall placed at 
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 and simultaneously begin to produce NO with constant flux in the positive 
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-direction.

2. Diffusion obeys Fick’s law.
3. All densities and diffusion coefficients are constant.
4. The wall is infinite in width and height so that diffusion occurs in the 
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-direction only.
5. No convection is present.

6. Consumption of NO by 
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 follows a first order reaction with reaction coefficient 
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.
7. Flux of NO at the collagen surface is constant (K).
8. The plasma initially contains a negligible amount of NO.

9. NO concentration approaches zero at an infinite distance from the surface.
Mathematical Description

Application of the shell balance method under the guidelines of the assumptions above, the following equation results:
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Eq. 1
The first term is the rate at which concentration increases with time, the second term is the rate of increase caused by diffusive flux, and the third term is the consumption of NO by reaction with 
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Initial Condition
1. The initial condition is that concentration of NO throughout the medium is zero, and is represented by:
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Eq. 2
Boundary Conditions

2. Boundary condition # 1 is that the concentration must go to zero for large values of 
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.  Thus, 
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Eq. 3
3. Boundary condition # 2 states that the flux of NO through the surface at 
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 is a constant equal to 
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 for all times greater than zero.   
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Eq. 4
Where 
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 is the unit step function.
Solution to Governing Equation

A Laplace transform method was applied to solve the governing equations.  The solution is described in the following steps.

Laplace Transforms of the Equations 

Use the Laplace transform to transform the time variable [C(t) ( L(s)] in the governing equations and boundary conditions.  The governing PDE transforms to:
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Eq. 5
where 
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 represents the derivative of 
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 with respect to 
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.  After substituting in the initial condition, the resulting ordinary differential equation reduces to:
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Eq. 6
The transform of the first boundary condition is:
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Eq. 7
and the transform of the second boundary condition is:
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  Eq. 8
so that:
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 Eq. 9
Step 2

The general solution to the resulting ordinary differential equation is:
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Eq. 10
 where A and B are unknown constants.

Step 3 

The constants A and B are now evaluated.  When the second boundary condition (for 
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) is substituted into the general solution, an infinite value results due to the positive infinite exponent of e.  Since the solution must be finite, B must be equal to zero.  Therefore, the general solution is:
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To incorporate the remaining boundary condition, we must take the derivative of 
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After evaluation of the surface boundary condition, we find that:  
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The particular solution to this problem is: 
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Step 4

The definition of the inverse Laplace transform (
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) is applied to transform the solution from s domain to time (t).  From inspection of a table of inverse LaPlace transforms, an exact inverse transform does not exist, therefore properties of the LaPlace transform can be used to arrive at an integral solution.  Application of the inverse transform is shown below:
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In the Laplace transform, division by powers of s is the same as integration in the time domain from 0 to t.  The result of this application is:
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Next, the time shifting property was used:  
[image: image34.wmf][

]

)

(

)

(

1

t

F

e

a

s

f

at

=

-

-

L



[image: image35.wmf](

)

ò

ú

ú

ú

û

ù

ê

ê

ê

ë

é

=

-

-

-

t

D

s

z

kt

AB

A

du

s

e

e

D

K

z

t

C

AB

0

1

,

L


Now, the remaining part to be transformed is found in a standard transform table.  The transform identity is shown below:
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, which returns the solution:  
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