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Efficiency and Optimization of a Liposome Based Transdermal Drug Delivery System
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EXECUTIVE SUMMARY
Transdermal drug delivery system is designed to deliver a variety of drugs into the body through diffusion across the skin layers.  One of the most powerful approaches is to encapsulate drugs in liposome to enhance delivery efficiency.  This liposome-based drug delivery can essentially be applied to any drugs.  In our model, this technology was applied to encapsulate a drug called penciclovir  to treat cold sores, which are caused by a virus called herpes simplex virus type 1 (HSV1).  A mesh of the simplified skin geometry was generated in GAMBIT, and simulations were executed in FIDAP and FIPREP to examine the effects of a number of parameters on drug delivery – liposome size, degradation rate of liposome, and diffusion rate of liposome and penciclovir.  Liposome diameters of 200, 400, and 800 nm were investigated.  It was found that although liposome diffusion rate increases with decreased diameter, the optimal drug concentration at the bottom of the dermis layer was achieved with liposome size of 400 nm, which was consistent with experimental results in literature.  The results suggested that the liposome diffusivity and degradation rate are equally important in modeling the optimization of this drug delivery event. 
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INTRODUCTION 
Skin has been considered as a promising route for the administration of drugs because of its accessibility and large surface area.  Transdermal drug delivery system, designed to deliver a variety of drugs to the body through diffusion across the skin layers, is appealing for several reasons including avoidance of the variable absorption and metabolic breakdown associated with oral treatments, drug administration can be continuous, and minimal intestinal irritation can be avoided.  Liposome is commonly used in transdermal drug delivery system because of its much higher diffusivity in skin compared to most bare drugs.  In addition, degradation of liposome is easily controlled, so it has been utilized in many skin products.  According to Verma et al, liposome size determines dermal delivery of encapsulated substance into skin.  Smaller size will result in faster delivery.  However, Harashima also shows that degradation of liposome increases with increasing size.  We expect that opposing effects of diffusion and degradation will result in an optimal liposome size that provides the maximum delivery efficiency in skin layers, especially dermis.

One of the applications of liposome encapsulation could be carrying penciclovir, a drug to treat cold sore, into the dermis.  A cold sore, also known as fever blister, appears as small, irritating, and sometimes painful blisters on or around mouth, nose and face.  Cold sore is caused by a virus called herpes simplex type 1 (HSV1), which can be easily transmitted through many types of human contact, including a kiss, sharing eating utensils, or close skin contact.  Up to 80% of the population of the United States is infected with the HSV1 virus.  Women are more susceptible to the virus, making up 65% of the carriers.  However, only 20% to 45% of these people experience cold sores outbreaks, with the rest being "dormant carriers."  HSV1 virus infection is a permanent condition.  However, the cold sores can be treated with penciclovir cream that is applied directly on the infected area of the skin.  
DESIGN OBJECTIVES
The objective of this project was to model a transdermal drug delivery system of liposome from epidermis to the deeper dermis layer.  The system was modeled as an isothermal transient diffusion problem, and analyzed with FIDAP, computational fluid dynamics software.  Geometry analogous to the skin structure was created and meshed by GAMBIT, a preprocessor for FIDAP.  FIPREP was used to create a model for penciclovir elimination from liposome in dermis before running FIDAP simulation.  The goal of our project was to analyze the effect of the liposome size on diffusion as well as the rates of degradation and drug release and diffusion in the skin.  The relationship between liposome size and its diffusivity as well as degradation was important in this analysis and was obtained from literature and researchers.  The results were compared to previous experimental measurements.  In addition, the mechanism of releasing the drug encapsulated inside liposome, such as penciclovir was also examined in this study to show the efficiency of liposome as a drug delivery carrier.

SCHEMATICS

Dimensions of Model
The cream is applied as a thin layer composed of liposome with encapsulated drug molecules on the surface of the skin.  The liposome helps drug molecules diffuse through the layers of the skin—the dermis where the liposome is degraded and drug molecule is released.  The epidermis is composed primarily of keratinocytes which produce keratin, the protein that comprises the majority of the outside skin layer. The dermis is composed of collagen, sweat glands, hair roots, nerve cells and blood and lymph vessels.
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Figure 1:  Schematic diagram for skin. (Please note that the model schematic is not drawn to scale.)
Assumption

· Skin layers are homogenous

· Liposome concentration at surface does not change with time

· Diffusion in constant through each layer

· No fluid flow in either layer

· Subcutaneous layer is impermeable to liposome
· Degradation of liposome is the first order degradation
· Degradation of liposome occurs in the dermis, but not epidermis
· After liposome get degraded, all the drug encapsulated is exposed to the dermis tissue
RESULTS AND DISCUSSION
The primary goal of our project was to analyze how the variation of liposome size changed the efficiency of drug delivery through the skin.  In our model liposome cream is applied over a circular layer on the surface of the skin.  The liposome then diffuses through the epidermis to the dermis where the diffusion rate increases.  In addition the liposome is targeted to begin degradation once it has entered the dermis.  Upon degradation the liposome releases a drug molecule which in turn diffuses through the dermis while being removed through both drug binding and elimination.
In our sensitivity analysis we looked at the effects of changing liposome size, diffusion, and degradation.  Each of these three parameters were interrelated and changed with varying liposome sizes.
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Figure 2: Contour of liposome (left) and drug (right) concentration after 2 hours using liposome diameter of 800 nm 
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Figure 3: Contour of liposome (left) and drug (right) concentration after 2 hours using liposome diameter of 400 nm 
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Figure 4: Contour of liposome (left) and drug (right) concentration after 2 hours using liposome diameter of 200 nm 

Qualitatively we saw that for the larger liposome diameters, the drug concentration was focused closer to the surface of the skin as opposed to in the 200 nm case where the drug concentration was distributed more evenly along the length of the dermis (Figures 2 to 4).   Also due to our assumption that the liposome would not degrade in the epidermis, we saw a higher liposome concentration in this region near the surface and much lower concentration throughout the dermal layer in all three cases.
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Figure 5: Comparison of liposome and drug concentrations in the diffusion process using liposome diameters of 200, 400, and 800 nm with drug elimination in the dermis layer.

We then looked quantitatively at the concentration of the liposome and penciclovir in the skin at a node on the boundary between the dermis and subcutaneous layer.  We choose this region to analyze the efficiency of liposome in delivery drug to this deep dermal layer.  In this case what we saw was the decrease in liposome concentration at this surface with increasing liposome size.  This was expected since the rate of degradation of the liposome increases with liposome size.  However what we also saw was that there was an optimum for the penciclovir concentration for liposome sized at 400 nm (Figure 5).  A higher drug concentration here could be explained by the balance between diffusion and degradation of the drug.  Since degradation is desired to release the drug, then a larger liposome size would release more drug over a targeted application time. However since the distance the liposome diffuses through the skin affects how far the drug penetrates then a balance between diffusion and degradation actually proved to be the best case.
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Figure 6: Optimization of constant surface flux versus target drug concentration for 400-nm liposome with elimination

Finally, we analyzed varying the surface flux of the liposome to reach a required dosage for drug efficacy.  What we found was that the concentration at the dermis/subcutaneous layer interface was linearly related the flux applied at the surface (Figure 6).  Since we were applying a constant flux at the surface for the duration of our application, varying flux simply changed the concentration everything by a proportional amount.
.  

CONCLUSION

Liposome is an effective carrier for drugs targeted to near surface tissue.  Liposome size with 400 nm diameter seems to delivery the most amount of drug in dermis compared to 200 or 800 nm diameter of liposome.  Du Plessis et al suggested that the size of liposome might influence the topical drug delivery and showed that liposome with a radius of 300 nm could deliver the highest drug concentration in the deeper skin layers.  Since we were not able to find the degradation properties of liposome with 300 nm diameter, we could not confirm this finding.  However, our optimal 400 nm diameter, relatively close to 300 nm, is consistent with the finding from research done by Du Plessis et al.  In addition, this finding verifies our expectation (mentioned in Introduction) that diffusion and degradation processes could result in an optimal liposome size that can deliver the most amount of drug in skin layers.

Highest drug concentration is not always the best in healing process deal to the possibility of generating toxicity.  Too little penciclovir is not efficient in curing cold sores, while too much penciclovir may be venomous to human body.  Therefore, patients are recommended to apply the drug to infection area every 2 to 4 hours. According to Hasegawa, 1.40x10-6 mg/mm3 can kill 50% of infected skin cells after application.  In order to reach this penciclovir concentration, the liposome flux applied on the skin surface should be around 9x10-6 mg/mm2 hr (Figure 6).  We concluded that this is the optimal concentration flux in order to generate the optimal concentration in the interface between dermis and subcutaneous layer
DESIGN RECOMMENDATION
In our project, results were based on the assumption that liposome and drug diffuse only through a homogenous dermis and epidermis, and not through the fat layer.  To model transdermal liposome drug delivery more realistically, blood flow and diffusion through fat layer should also be considered.  We used the properties of normal skin in the project.  However, the skin properties, such as thickness vary largely from one disease to another in most cases.  Thus, we should also take into account of changes in the skin properties.   The geometry of our problem could also be extended in length along the surface of the skin to allow modeling at greater lengths of time.  Since a layer of liposome is applied on the skin surface, we should also include the thickness of the liposome layer in our model.  

Our time step sensitivity analysis showed that the time step chosen to evaluate the problem was not at a point of convergence, and a smaller time step could have been used instead to generate more accurate results.  Our project goal could be expanded to optimize drug and liposome concentration in order to maximize local effective drug concentration and minimize toxicity in blood steam.  Our transdermal liposome drug delivery model could be used to model any drug with known concentration, for example large proteins like collagen.  
DESIGN REALISTIC CONSTRAINTS
Economics
Liposome improves the drug delivery efficiency and lowers drug degradation rate.  Cost of delivering a certain amount of drug to target site is decreased because less drug is needed.  Liposome also allows the delivery of certain drugs, such as enzymes and large proteins like collagen, which cannot be commercialized previously due to delivery constraints.  The estimated market for liposome products is in billions of dollars. 

Environmental
Liposome is biodegradable and biocompatible, and thus is environmentally friendly.

Manufacturability
Liposome varies in properties depending on their compositions, and requires much research and clinical trials before commercialization, as suggested by Weiner.  A wide range of liposome can be manufactured according to specific drug requirements.  Many potential liposome products are still in the stage of pre-clinical studies.  Liposome requires a precise manufacturing process and careful quality control to maintain drug activity as well as liposome quality, stability, and size.  The Center for Drug Evaluation and Research of the Food and Drug Administration regulates the lipid compositions, physicochemical properties, manufacturing parameters, and process controls due to their great impact on the quality of liposome drug products.  In our project, we have shown that liposome size has a determining effect on the rate of drug efficacy.  Thus liposome should be manufactured and maintained at a desired mean size.

Health and Safety

Liposome allows site-specific drug targeting, and hence, localizes the toxicity of drugs.  It also stabilizes the drug and prevents the drug from reacting with the environment.  Liposome should be biocompatible because it supposedly mimics the lipid bilayer of cell membranes.  However, liposome-producing companies still invest heavily in clinical trials and the manufacturing process to ensure the greatest safety for the consumers.

Social

As liposome drug delivery offers an effective and controlled delivery of drugs to specific target sites, it is viewed as a possible future delivery method for many vaccines and drugs, especially cancer therapy drugs.  Liposome can also be used to deliver large proteins, like collagen, which makes it valuable to the cosmetic industry.

Appendix A: Mathematical Statement of the Problem

Geometry: Please refer to schematic shown in Figure 1.

Governing Equations:

The overall governing equation for species conservation or mass transfer is the followed:
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C: 
Concentration of species

u: 
Velocity term

D:  
Diffusion coefficient of species

r: 
Mass source generation of depletion term

In the skin layers, there is diffusion only, and mass source term resulting from the degradation of the liposome, but no convection term.  In addition, because the properties for liposome and the drug (penciclovir) released are different in epidermis and dermis, we actually need two governing equations for each species to model the two skin layers. 

For diffusion process of liposome in epidermis and dermis, there are transient, diffusion, and its degradation terms.  And the overall governing equations are:
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Where 

CA: 
Concentration of liposome

DA:  
Diffusivity of liposome

rA:
Liposome degradation in dermis with the first order degradation
kd: 
Degradation rate constant for liposome

For diffusion process of penciclovir in epidermis and dermis, there are transient, diffusion, degradation of liposome, and elimination of penciclovir terms.  The overall governing equation is:
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Where

CB: 
Concentration of penciclovir

DB:  
Diffusivity of penciclovir

ke: 
First order elimination constant of penciclovir

In order to find out the correlation between liposome size and diffusion coefficient, the Stokes Einstein equation was used to calculate the diffusion coefficient of liposome at each size that we modeled.  In the Stokes Einstein equation:



[image: image15.wmf]Nu

A

r

T

R

D

L

p

6

=


Where

DL: 
Diffusion coefficient of liposome



R:
Gas constant



T: 
Absolute temperature, in Kelvin



r:
Radius of liposome



A:
Avogadro’s number 



Nu:
Viscosity of the liquid through which diffusion is occurring
Since we have already found the DL of 200 nm diameter liposome in epidermis and dermis, we used the inverse relationship between diffusion coefficient and size of liposome to calculate the DL for liposome with diameters 400 and 800 nm.

Boundary Conditions: 

[image: image16]
Figure A1: Model schematic with labeled skin layers, entity name, and boundary conditions.
Initial Conditions

Epidermis: Ci = 0

Dermis: Ci = 0
Degradation Source Term
Epidermis: kd = 0, Ea/R = 0

Dermis: kd = kd (see table of properties below), Ea/R = 0
Table of Properties
Table A1: Properties and Parameters of skin
	Property
	Value
	Reference

	Thickness of Epidermis, d1
	0.0982 mm
	Lee and Hwang

	Thickness of Dermis, d2
	1.0766 mm
	Lee and Hwang

	Constant Flux of Liposome Applied to Skin Surface, f0 
	5.56e-3 mg/mm2/hr
	

	Processing Time
	2 hr
	


Table A2: Properties of liposome 
	Diameter (nm)
	Dderm (mm2/hr)
(Licinio and Frezard)
	Depi (mm2/hr)
(Dalby)
	Kd (hr-1)
(Harashima)

	200
	3.024 
	0.00756 
	-0.0933 

	400
	1.512
	0.00378
	-0.6309

	800
	0.756
	0.00189
	-1.2729


Table A3: Properties of encapsulated drug
	Drug
	Dderm (mm2/hr)
(Filer)
	Depi (mm2/hr)
(Dalby)
	Ke (hr-1)
(Filer)

	penciclovir
	0.432 (Trottet)
	0.00108
	0.3465


Appendix B:

Table B.1: PROBLEM Statement

 (AXI-, ISOT, NOMO, TRAN, LINE, FIXE, NEWT, INCO, SPEC = 1.0, SPEC = 2.0)

	Descriptor
	Value
	Explanation

	Geometry
	AXISYMMETRIC
	Liposome application assumed as 4 mm circle

	Temperature Dependence
	ISOTHERMAL
	Temperature everywhere equal to body temperature

	Viscous Dependence
	NO MOMENTUM
	Assuming no Fluid Flow 

	Time Dependence
	TRANSIENT
	Drug Diffusion related to application time

	Convection Term
	LINEAR
	No convection

	Deforming Boundary
	FIXED
	Surface is not changing

	Fluid Type
	NEWTONIAN
	Fluid behaves like Newtonian

	Fluid Structure Dependence
	INCOMPRESSIBLE
	Incompressible Fluid

	Species Dependence
	SPECIES PRESENT

ACTIVATE SPECIES 1

ACTIVATE SPECIES 2

Enable Chemical Reactions 
	Two Species present (liposome – species 1, penciclovir – species 2)


Table B.2: SOLUTION Statement

(S.S. = 50, VELC = 0.100000000000E-02, RESC = 0.100000000000E-01,

       SCHA = 0.000000000000E+00, ACCF = 0.000000000000E+00)

	Descriptor
	Value
	Explanation

	Solver Type
	Steady State = 50
	Maximum 50 iterations for each time step

	Solution Tolerance
	VELC = 0.001
	Criteria for convergence

	Residual Tolerance
	RESC = 0.01
	Criteria for convergence

	Solution Change
	SCHA = 0
	Criteria for convergence

	Relaxation 
	ACCF = 0
	No relaxation


Table B.3: TIMEINTEGRATION Statement

(BACK, VARI = 0.100000000000E-02, TSTA = 0.000000000000E+00, TEND = 2.0,

       DT = 0.100000000000E-01, NSTE = 3000, NOFI = 10, DTMA = 1.0, INCM = 1.2)
	Descriptor
	Value
	Explanation

	Time Integration
	BACKWARD
	Backward Euler time integration

	Number of Steps
	NSTEPS = 200
	Maximan number of timesteps

	Starting Time
	TSTART = 0
	Start time is 0 hr

	Ending Time
	TEND = 2
	End Time is 2 hr

	Time Increment
	DT = 0.01
	Time increment is 1/100 hr

	Time Stepping Algorithm
	VARIABLE = 0.001
	Convergence Criteria for each time step

	Number of Fixed Steps
	NOFIXED = 10
	10 fixed time steps

	Max change in Time Step
	DTMAX = 1.0
	Max increase in time step is 1 hr

	Maximun Time Step
	INCMAX = 1.2
	Max time step is 1.2 hr


Mesh: 

                   
[image: image17]
Figure B1: 3069-node mesh generated by Gambit.  Penciclovir concentration taken at the bottom of dermis (circled) starts to converge when the mesh number reaches 3069 nodes.  

Sensitivity Analysis--Mesh Convergence
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Figure B2: Sensitivity analysis for mesh convergence.  We have chosen to mesh our geometry with 3069 nodes because it gives better results without taking long to run our simulation.
We performed sensitivity analysis for mesh convergence by monitoring the drug concentrations at the node near the dermis-subcutaneous interface for 2 hours as indicated in Figure B1.  The meshes we used had 216, 799, 3069, and 6811 number of nodes.  As shown in Figure B2, the drug concentration only changed by 5.3% from node number of 216 to 799, while it only changed by 1.2% from node number of 799 to 3069.  Mesh convergence happened at approximately node numbers of 3069 and 6811.   Based on the sensitivity analysis, we chose the mesh with 3039 nodes for the rest of our project.  The reason for using the 3069-node mesh was that it would give accurate results without taking long to run our simulation.    

Sensitivity Analysis—Time Convergence
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Figure B3: Sensitivity analysis for time convergence.  We have chosen to mesh our geometry with 3069 nodes because it gives better results without taking long to run our simulation.
We also performed sensitivity analysis for time step convergence by monitoring the drug concentrations at the node near the dermis-subcutaneous interface in the 3069-node mesh for 2 hours as indicated in Figure B1.   As shown in Figure B3, changes in the concentrations of both the drug and liposome were getting smaller as the time step became smaller.  The smallest time step we used was 0.036 second.  We did not use any time steps that was smaller than 0.036 because the simulation took approximately 3 hours to be finished with this time step.  Besides, changes in the concentrations of both the drug and liposome were small enough at the smallest time step, 0.036 second.
Appendix C: 
FIDAP Input File:

/

/  INPUT FILE CREATED ON 05 May 05 AT  16:04:27

/

/

/ ***  FICONV Conversion Commands *** 

/ ***  Remove / to uncomment as needed

/

/  FICONV(NEUTRAL,NORESULTS,INPUT)

/  INPUT(FILE= "new7.FDNEUT")

/  END

/  *** of FICONV Conversion Commands

/

TITLE

/

/ ***  FIPREP  Commands ***

/

FIPREP

 PROB (AXI-, ISOT, NOMO, TRAN, LINE, FIXE, NEWT, INCO, SPEC = 1.0, SPEC = 2.0)

 PRES (MIXE = 0.100000000000E-08, DISC)

 EXEC (NEWJ)

 SOLU (S.S. = 50, VELC = 0.100000000000E-02, RESC = 0.100000000000E-01,

       SCHA = 0.000000000000E+00, ACCF = 0.000000000000E+00)

 TIME (BACK, VARI = 0.100000000000E-02, TSTA = 0.000000000000E+00, TEND = 2.0,

       DT = 0.100000000000E-01, NSTE = 3000, NOFI = 10, DTMA = 1.0, INCM = 1.2)

 OPTI (SIDE)

 DATA (CONT)

 PRIN (NONE)

 POST (RESU)

 SCAL (VALU = 1.0)

 ENTI (NAME = "EPID", SOLI, PROP = "mat1", SPEC = 1.0, MDIF = "C1_EPID",

       MREA = "C1_EPID", SPEC = 2.0, MDIF = "C2_EPID", MREA = "C2_EPID")

 ENTI (NAME = "DERMIS", SOLI, PROP = "mat2", SPEC = 1.0, MDIF = "C1_DERMIS",

       MREA = "C1_DERMIS", SPEC = 2.0, MDIF = "C2_DERMIS", MREA = "C2_DERMIS")

 ENTI (NAME = "APPLYSURF", PLOT)

 ENTI (NAME = "SKINSURF", PLOT)

 ENTI (NAME = "EPIDSIDE", PLOT)

 ENTI (NAME = "EPIDCENTER", PLOT)

 ENTI (NAME = "DERMISIDE", PLOT)

 ENTI (NAME = "DERMICENTER", PLOT)

 ENTI (NAME = "DERMIDEEPA", PLOT)

 ENTI (NAME = "DERMIDEEPB", PLOT)

 DIFF (SET = "C1_EPID", CONS = 0.378000000000E-02)

 DIFF (SET = "C2_EPID", CONS = 0.108000000000E-02)

 DIFF (SET = "C1_DERMIS", CONS = 1.512)

 DIFF (SET = "C2_DERMIS", CONS = 0.432)

 REAC (SET = "C1_EPID", TERM = 1, KINE)

   0.0000000000E+00,  0.0000000000E+00,  0.0000000000E+00,  0.1000000000E+01,

   0.0000000000E+00,  0.0000000000E+00,  0.0000000000E+00,  0.0000000000E+00,

   0.0000000000E+00,  0.0000000000E+00,  0.0000000000E+00,  0.0000000000E+00,

   0.0000000000E+00,  0.0000000000E+00,  0.0000000000E+00,  0.0000000000E+00,

   0.0000000000E+00,  0.0000000000E+00,  0.0000000000E+00

 REAC (SET = "C2_EPID", TERM = 1, KINE)

   0.0000000000E+00,  0.0000000000E+00,  0.0000000000E+00,  0.1000000000E+01,

   0.0000000000E+00,  0.0000000000E+00,  0.0000000000E+00,  0.0000000000E+00,

   0.0000000000E+00,  0.0000000000E+00,  0.0000000000E+00,  0.0000000000E+00,

   0.0000000000E+00,  0.0000000000E+00,  0.0000000000E+00,  0.0000000000E+00,

   0.0000000000E+00,  0.0000000000E+00,  0.0000000000E+00

 REAC (SET = "C1_DERMIS", TERM = 1, KINE)

  -0.6309000000E+00,  0.0000000000E+00,  0.0000000000E+00,  0.1000000000E+01,

   0.0000000000E+00,  0.0000000000E+00,  0.0000000000E+00,  0.0000000000E+00,

   0.0000000000E+00,  0.0000000000E+00,  0.0000000000E+00,  0.0000000000E+00,

   0.0000000000E+00,  0.0000000000E+00,  0.0000000000E+00,  0.0000000000E+00,

   0.0000000000E+00,  0.0000000000E+00,  0.0000000000E+00

 REAC (SET = "C2_DERMIS", TERM = 1, KINE)

   0.6309000000E+00,  0.0000000000E+00,  0.0000000000E+00,  0.1000000000E+01,

   0.0000000000E+00,  0.0000000000E+00,  0.0000000000E+00,  0.0000000000E+00,

   0.0000000000E+00,  0.0000000000E+00,  0.0000000000E+00,  0.0000000000E+00,

   0.0000000000E+00,  0.0000000000E+00,  0.0000000000E+00,  0.0000000000E+00,

   0.0000000000E+00,  0.0000000000E+00,  0.0000000000E+00
BCFL (SPEC = 1.0, CONS = 0.556000000000E-02, ENTI = "APPLYSURF")

 BCFL (SPEC = 2.0, CONS = 0.000000000000E+00, ENTI = "APPLYSURF")

 BCFL (SPEC = 1.0, CONS = 0.000000000000E+00, ENTI = "SKINSURF")

 BCFL (SPEC = 2.0, CONS = 0.000000000000E+00, ENTI = "SKINSURF")

 BCFL (SPEC = 1.0, CONS = 0.000000000000E+00, ENTI = "EPIDSIDE")

 BCFL (SPEC = 2.0, CONS = 0.000000000000E+00, ENTI = "EPIDSIDE")

 BCFL (SPEC = 1.0, CONS = 0.000000000000E+00, ENTI = "EPIDCENTER")

 BCFL (SPEC = 2.0, CONS = 0.000000000000E+00, ENTI = "EPIDCENTER")

 BCFL (SPEC = 1.0, CONS = 0.000000000000E+00, ENTI = "DERMISIDE")

 BCFL (SPEC = 2.0, CONS = 0.000000000000E+00, ENTI = "DERMISIDE")

 BCFL (SPEC = 1.0, CONS = 0.000000000000E+00, ENTI = "DERMICENTER")

 BCFL (SPEC = 2.0, CONS = 0.000000000000E+00, ENTI = "DERMICENTER")

 BCFL (SPEC = 1.0, CONS = 0.000000000000E+00, ENTI = "DERMIDEEPA")

 BCFL (SPEC = 2.0, CONS = 0.000000000000E+00, ENTI = "DERMIDEEPA")

 BCFL (SPEC = 1.0, CONS = 0.000000000000E+00, ENTI = "DERMIDEEPB")

 BCFL (SPEC = 2.0, CONS = 0.000000000000E+00, ENTI = "DERMIDEEPB")

 ICNO (SPEC = 1.0, CONS = 0.000000000000E+00, ENTI = "EPID")

 ICNO (SPEC = 2.0, CONS = 0.000000000000E+00, ENTI = "EPID")

 ICNO (SPEC = 1.0, CONS = 0.000000000000E+00, ENTI = "DERMIS")

 ICNO (SPEC = 2.0, CONS = 0.000000000000E+00, ENTI = "DERMIS")

 EXTR (ON, AFTE = 5, EVER = 5, ORDE = 3, NOKE, NOFR)

END

/  *** of FIPREP Commands

CREATE(FIPREP,DELE)

CREATE(FISOLV)

PARAMETER(LIST)
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