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Supplementary Figure 1. t-test applied to compare the linear regression for square root equation for 
Formulations 1, 3, 4, and 5. The slope of Formulation 2 is below 0.7 and this formulation could be 
excluded from the t-test analysis. 

y = 6.4661x - 8.6174
R² = 0.9393

y = 6.8148x - 8.3819
R² = 0.9395

y = 6.8385x - 3.9177
R² = 0.9795

y = 5.3968x + 3.2223
R² = 0.9696

Re
le

as
ed

 (%
)

Square root regression lines for Formulations 1, 3 ,4 ,5  

B2(1)

A1(3)

A3(4)

B1(5)



Materials 2018, 11, x FOR PEER REVIEW  2 of 4 

 

Slopes of the Different Formulations 

Equation S1: 
 

 

 
 
 
 

The extreme values of slopes were 5.39 and 6.83, respectively; while it was 0.77 for only 
Formulation 2. 

 
 

A probability greater than 0.95 showed that H0 hypothesis was in the linear range, was similar 
for different formulations, and could not be rejected, except for Formulation 2, which had a p value 
of 0.77. 

Solution of Diffusion Equations for the Release Kinetic from a Reservoir System in a Semi-
Infinite Medium 

The release kinetic of a reservoir system in a semi-infinite medium depends on the heat transfer, 
the impulse of the fluid movement, and the probability of quantum mechanics of single molecules. 
In this attempt, the diffusion equation of this system could be calculated using the following equation: 
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A fundamental result of equation S3 was the theoretical solution obtained when one unit of the 
mass was released in one unit of time, similar to that of intravenous bolus administration: 
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By applying the Fourier transformation to the parameter u (x,t) for x, and then the Laplace 
transformation as function of t, it was possible to obtain the following equation: 
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Based on the equation S5, the double transformation of u (x,t) could be reported using the 
following equation: 
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By applying the inverse of the Laplace function, Equation S6 was transformed into the following 
equation: 
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where, H(t) is the Heaviside function. 
The different solutions of Fick’s second law depends on the initial and boundary conditions. In 

fact, it is difficult to quantify using an experimental model and the concentrations of drugs in liquid 
medium at the same time. Conversely, it is possible to theoretically estimate their distribution in 
semisolid media and transfer the course, by using an experimental Franz diffusion cell model. 

When drug concentration is slightly affected by time, it is possible to calculate the amount of 
drug at the steady state. However, mathematical model of solid pharmaceutical formulations 
generally generates an independent convection flow, in order to homogenize the concentration of 
drugs in the release medium and to approximately obtain the sink conditions. 

By further applying the inverse of Fourier transformed functions, Equation S7 was further 
transformed as follows: 
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Based on Equation S8, the square root of time could be transformed in a general equation. For 
the lyotropic colloidal liquid crystals, showing a rapid release of hydrophilic payloads, the release 
kinetic of drugs depended on their diffusion across the membrane of formulations. The internal 
compartment (internal interface) of the membrane provided a rapid release of hydrophilic payloads 
in the first hours of the kinetic process. Conversely, the latest hours of the release kinetic depended 
on the drug concentration and the kinetic process was modulated by the diffusion of drug in the 
released medium. 

 
Supplementary Figure 2. Equation describing the release kinetic of fluorescein through 
the lyotropic colloidal liquid crystals as a function of drug concentration and kinetic 
process. 
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In the general model reported here, the release of drug through the interface of the internal 
compartment of the membrane, depended on bi-dimensional diffusion models, as follows: 
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and three-dimensional diffusion model, as reported in the following equation: 
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In both models, a symbol was reported as D. 

The amount of drug released from the lyotropic liquid crystals was proportional to t ,or t, or 

t t . 
These data can be interpreted as mono-dimensional, bi-dimensional, or three-dimensional 

diffusion models. 
 


