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Abstract

The collagen fibrils can act as a substrate carrying a biosensor that can detect the presence of date rape drugs in a
drink. Vitamin B12 (VB12) was chosen as analogous to methyl red (MR), the indicator of gamma-hydroxybutyric
acid, a commonly used date rape drug. VB12 is chosen since it is a larger molecule than MR, but has a similar
diffusivity constant. Diffusion of the biosensor from the collagen matrix into the aqueous solution was performed
experimentally and modeled using COMSOL Multiphysics 4.4. The concentration profiles obtained for the
experimental and COMSOL diffusion models were similar, however, COMSOL provided more precise values.
While took about five days to completely diffuse the VB12 into aqueous solution; visually and experimentally the
steady state value was reached in about one hour. Using the initial concentration of MR and the minimum
concentration needed for a reaction between the drug and indicator, the diffusion of the indicator from collagen
matrix into the aqueous solution was modeled on COMSOL for different drink glasses. It took just a minute to
produce a color change in a shot glass while it took the longest time to indicate the reaction between the drug and
the indicator was with a pint glass at 32 minutes.

Keywords: collagen; COMSOL; vb12, GHB; rohypnol; date rape; diffusivity; diffusion-coefficient; unsteady state;
transmittance; concentration profiles.

Introduction

Collagen is a structural protein found in all animals One of the other applications of a collagen matrix in
and humans. It is not soluble in water and its surface drug delivery was investigated to pursue a safe
charge chemistry helps it to hold up to hundred times drinking environment. Odorless, almost colorless
its mass in water. This unique surface charge date rape drugs have been slipped into the drink
chemistry makes it very useful in biochemical and without the knowledge of the person drinking it. The
environmental applications. Bovine raw corium was perpetrators choose unsuspecting victims, who
used to make these collagen dispersions. Once the become helpless once they consume the alcohol. The
collagen paste was made, collagen dispersions were forgetful effect will led the perpetrators take
subjected to freezing, freeze-drying and sometimes advantage and try to rob, rape and even harm the
even cross linking. The new freeze-dried material victim since the victim would not be able to
possessed the characteristics of the old material but remember anything. The most common types of these
also had 99% void space, unlike the original material date rape drugs include the gamma-hydroxybutyric
[1]. acid (GHB) and flunitrazepam (rohypnol). Therefore,
the prospect for the use of a collagen matrix in
Collagen has several applications in biotechnological helping to identify the presence of drug rape drugs in
and environmental areas. One of the notable a drink was researched [3].
environmental  applications includes filtration
processing. The positive charges of collagen Collagen matrices are extremely porous and
dispersions are attracted to the negative ends of polar additionally, the pore size can be altered in order to
water molecules, thereby, agglomerating the dirt and carry and deliver a biosensor [4]. One aspect of a
other unwanted particles in the waste water or sludge biosensor is that it can indicate the presence of date
[2]. rape drug in the drink. In order to achieve this goal,

Vitamin B12 (VB12) was chosen as a substitute to
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the biosensor. VB12 has 1355.4 g/mol molecular
weight and is a larger molecule than the GHB and
rohypnol indicators. ~ The common GHB and
rohypnol indicators are methyl red (MR),
bromocresol green (BCG) and bromocresol purple
(BCP) [5].

Computational modeling was done for the rate of
dispersion of the VB12 biosensor from collagen
matrix into water in a graduated cylinder using
COMSOL Multiphysics 4.4. If the model works with
the VVB12 indicator, it is potentially a substitute that
can work for the GHB and rohypnol indicators.

Materials and methods

Bovine Corium Processing

The collagen paste was made from Type | Bovine
Corium. Corium is the dermis layer of the hide that
contains a high amount of collagen. In order to get a
well dispersed paste, the raw corium was mixed with
water and milled using zirconium milling balls for 7
to 10 days. The resultant dispersed collagen paste
was washed by a centrifuge that operated at low
temperatures. After the paste was centrifuged, the fats
and oils were decanted.

The viscous phase that contained all of the collagen
content was then blended into a solution with water
and acetic acid. The formulation of the collagen
dispersion in percentages was 0.1-0.75% collagen
paste, 94.25-94.9% water and 5% acid.
Comparatively the obtained dispersed collagen had
better pore size and mechanical properties. Since, the
collagen was mixed into solution with acid, it is
considered to be sterile for a long time.

Blending of biosensor VB12 into dispersed
collagen

The VB12, which acts as a substitute to the biosensor
was mixed with the collagen dispersion and then the
solution was frozen for a day before it was placed in
the freeze-dryer for about two days. After three days,
the VB12 and collagen solution was removed from
the freeze-dryer and a matrix with VB12 and
collagen was obtained.

The initial number of moles of VB12 present in the
matrix was found by measuring the amount of VB12
in grams and a specific volume of 9.9*10% md, the
initial concentration of the VB12 in mol/m® were
used to calculate the concentration of VB12 by
equation “1” below.

— molypyp
Cop1z = v 1)
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Where Cui12 = concentration of VB12
molyn12 = number of moles of VB12
V = initial volume of the VB12

The area of the graduated cylinder was calculated
from the diameter of the graduated cylinder. The
relationship between the diameter and area of the
graduated cylinder was found using equation “2.”

T 2
A="C @
Where A= area in square meters

D = diameter of the graduated cylinder

Furthermore, the molar flux of VB12 in water was
determined in order to obtain the diffusivity of the
biosensor in water. The diffusivity of VB12 in water
was necessary to model the diffusion of the biosensor
into the solution using COMSOL Multiphysics 4.4.
Molar flux is the rate of moles flow per unit area. The
diffusion constant was experimentally found by
placing a sample of the VB12 and collagen matrix in
a graduated cylinder filled with water.

The molar flux was computed using the values of
concentration of VB12 and area, according to
equation “3.” [6]

mol

Nazo = At (©))

Where Nz, = molar flux in mol/ (m?*sec)
mol = number of moles of VB12
A = area
t = time (assumed to be one second)

Since, the molar flux and the initial concentration
were calculated; the diffusivity was obtained by using
the equation “4.” [6]

Nyzo = Cal Dap 4)

TT*t

Where Nz, = molar flux in m?/sec
Ca0 = initial concentration
Dy = diffusivity of VB12 in water
t =time.

One of the assumptions made in this equation was
that the interfacial area was not changing as a
function of time. Now that the experimentally
obtained diffusivity was deduced, the concentration
profile for the diffusion of VB12 into a finite body of
fluid was schematically obtained.
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Concentration profile for the diffusion of VB12
into finite fluid

To experimentally acquire the concentration verses
time profile, first a library of percent transmittance
verses concentration data was created for known
concentrations. Percent transmittance data was
collected using a spectrophotometer. Then percent
transmittance verses time was plotted for VB12 of
unknown concentrations. Correlating the percent
transmittance for different times to the library of
percent transmittance verses concentration, a plot of
concentration verses time was plotted for the
unknown concentrations of VB12. The diffusion took
about one hour to reach steady state visually.

Once the concentration profile for the diffusion of
VB12 was obtained experimentally, it was modeled
on COMSOL Multiphysics 4.4. Since it is a two
dimensional unsteady state diffusion problem, a 2D
axisymmetric, time dependent and transport in
diluted species model was used. The height and
radius of the graduated cylinder was 17.5 cm and 1.4
cm respectively. These were inputted into COMSOL
for modeling. Additionally, to represent the initial
concentration of the collagen matrix carrying the
biosensor, a second rectangle was created. Using the
experimentally acquired values of diffusivity (9.0*10
8m2/sec) and the initial concentration (368.9mol/m®)
were inserted in the diffusion and initial values under
the transport of diluted species tab. Finally, an extra
fine mesh was added and the surface concentration
after a period of time was evaluated by COMSOL.

At time equals 60 minutes, the 3D COMSOL model
for the surface concentration is shown in “Figure 1.”
COMSOL presented more precise values. Despite
visually reaching equilibrium after 60 minutes,
according to the COMSOL model, the concentration
of VB12 was still diffusing out.”
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Figurel: COMSOL model for change in concentration at
60 minutes

Hand calculation for one dimensional, unsteady
change in concentration of VB12 versus height of
the graduated cylinder in which the diffusion
occurs.

Calculations were done by hand using Microsoft
Excel to obtain the concentration profiles in moles
per cubic meter as a function of height in meters for a
specific time of 60 minutes. Additionally, the initial
mole fraction, Xao, of the VB12 (0.00588) was small
compared to the total mole fraction. Therefore, it was
inferred that w = 1 and ¢ = 0 [6]. The temperature
and pressure were assumed to be constant and also
that the molar average velocity in the gas phase does
not depend on the radial coordinates.

After the hand calculation was made, it was
compared to COMSOL’s calculation by making a 1D
unsteady state plot with the same length, diffusivity,
initial concentration, time period (60 minutes). The
program also yielded a concentration profile with
respect to the x axis.

COMSOL modelling to infer the minimum
amount of time to react with drug indicator for
various drink glasses

The concentration of MR, the indicator of GHB and
rohypnol was calculated by using its density and
molecular weight in Equation “5.”

Ca=pmw ()

Where C, = concentration of MR in mol/m®
p = density of MR in g/m?
MW = molecular weight in g/mol

The initial concentration was used when modelling
for the minimum time required in reacting with the
drug indicator. Then the minimum amount of
concentration of the indicator that was necessary to
react and result in a color change was referenced.
Using the initial concentration of the indicator as
starting initial values, different geometries for drink
glasses were created. These included a shot glass, a
wine glass, a pint and a cappuccino glass. The
simulated model of each of these glasses is shown in
“Figure 2.” Each of the images in “Figure 2” was
calculated after 30 minutes of diffusion.
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Figure2: COMSOL model for shot glass (A); wine glass
(B); cappuccino glass (c); martini glass (D) and pint glass
B

The minimum time that took to show a color change
by reacting with the drug was inferred for each
individual drink glass.

Results and discussion

The initial concentration of the VB12 in the collagen
matrix was calculated as 368.9mol/m3. The molar
flux then obtained was 0.062 mol/ (m?*sec). Since the
diffusion is governed by Fick’s second law of
diffusion, equation “4” deduced the diffusivity as
9.0%10®m?/sec. The experimentally  deduced
diffusion coefficient was compared to the reference.
Additionally, the diffusion constants for the other
drug indicators (MR, BCP and BCG) were also
referenced.

Table 1: Comparison table for Diffusion co-efficient
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represented in “Figure 3.” Percent transmittance data
was able to be collected only for very small
concentrations because of the sensitivity of the
spectrophotometer. Therefore, the concentrations
ranged from 7.6*107 to 9.1*105 mol/ L.

% Transmittance vs. known Concentrations
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Figure3: Percent transmittance vs. known concentration

Then the percent transmittance for the VB12 and
collagen matrix was measured at different time
intervals as seen in “Figure 4.”
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(m?/sec) VB12 | MR BCP/BCG
Reference 2.3*10%0 6.3*107 | 3.3-3.4*101°
Experimental | 9.0*10® NA NA

Comparing, the experimental diffusivity of VB12 to
that of methyl red, the main indicator of GHB in a
drink, was found to be similar. However, BCP and
BCG were in the order of 107° m?sec, which is
similar to that of the reference diffusivity of VB12.
From “Table 17, it can be inferred that while
modelling for concentration profiles for the diffusion
of the other indicators such as BCG, BCP or MR, the
diffusion coefficient is the only thing that needs to be
changed without altering any other parameters on
COMSOL.

Concentration versus time plot

To get the concentration versus time plot
experimentally, a library was created with percent
transmittance  verses  concentration.  This is

http: // www.ijesrt.com

Figure4: Percent transmittance vs. time

“Figure 4” shows that the percent transmittance
peaked during the first 10 minutes before steadily
dropping until it reached a constant value around 60
minutes of time.

Since  percent transmittance  corresponds to
concentration in an inverse relationship, there was an
initial drop in concentration at the beginning before
steadily increasing between 10 and 60 minutes as
shown in “Fig. 3.”
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Figure5: Percent concentration of VB12 diffusing vs.
time

The concentration leveled out in roughly 60 minutes.
Therefore, it takes about 60 minutes for VB12 to
diffuse entirely throughout the graduated cylinder
visually. However, the experimental procedure was
based on the assumption that there was no air in
initial collagen matrix when placed in the solution
and therefore there was no void space. Additionally,
it was assumed that the collagen was immiscible in
water and would stay as a solid.

After experimentally figuring the concentration
profile for the VB12 diffusing out into water, the
diffusion of VB12 was modeled on COMSOL
Multiphysics. The concentration profile for the VB12
diffusing out into the water was represented in
“Figure 6 below.

Convsel Concomtraton v thae

Catwmbmry

Figure6: COMSOL concentration vs. time plot

Some differences can be accounted due to the
sensitivity of the spectrophotometer was not able to
measure low concentrations that diffused into water
in first 20 minutes. Additionally, the collagen matrix
with the biosensor was not completely dry. Another
reason was that the percent transmittance readings
were taken for a small amount of solution taken out
from the graduated cylinder. However, COMSOL
evaluates the surface concentration over time for the
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height of 17.5m. Therefore, COMSOL has more
accurate data compared to experimental values.

Concentration versus height 1D plot

Hand calculations were done to verify the original
diffusion model that was computed. These
calculations were done for a one dimensional,
unsteady state diffusion, resulting in a concentration
profile. The assumptions that were made was the
height at the top of the cylinder was equal to zero and
the interfacial surface where the concentration Xa= Xao
(initial concentration) occurs at the top of the
cylinder. The height of 17.5m is at the bottom of the
graduated cylinder, where the concentration x. = 0.
After the surface concentration change with respect
to height was found on Microsoft Excel, the model
was rerun on COMSOL with 1D and same diffusivity
and other parameters. Both concentration profiles
were plotted and depicted below in “Figure 7.

Comparing Excel vs. comsel (1)

.0

Comcentration, malm!

poo 0Q

Helght

Figure7: Microsoft Excel vs. COMSOL

The change in concentration with respect to height of
the cylinder was evaluated at exactly 60 minutes for
both COMSOL and Microsoft Excel. In “Figure 7,”
the red line represents the Excel data and the blue
line represents the COMSOL data. It can also be
noted that both data are similar with varying values at
the top of the cylinder. A reason for the discrepancy
is because COMSOL assumes to have continuous
flow in the cylinder when Excel considers a non-
continuous flow.

Minimum reaction time with drug indicator for
different drink glasses

The last goal was to determine the reaction time
necessary to react with the minimum amount of
indicator that could indicate the presence of the drug
in the drink by a color change. The initial
concentration of MR, the GHB indicator that was
diffused was calculated by using Equation “5.” The
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concentration was found to be about 3000 mol/m2.
Then the referenced minimum concentration of MR
needed to produce a change of color in drink was
6.31*10°mol/m3. Using these parameters,
COMSOL’s diffusion model was designed for a shot
glass, a wine glass, a cappuccino glass, a martini
glass, and a pint glass. “Table 2” illustrates the time
required for each type of glasses.

Table 2: Minimum reaction rate for various drink glasses

Glasses Min. Min. time to
concentration react ( minutes)
of indicator
(mol/m?®)

Shot Glass 6.31e” 1.03

Wine Glass 6.31e® 7

Cappuccino 6.31e” 11

Martini Glass 6.31e” 15

Pint Glass 6.31e® 32

It can be inferred from “Table 2” that it takes the
least amount of time for a shot glass size to react,
while it takes the most amount of time for a pint glass
size to react. Further studies need to be done in order
to reduce the minimum reaction time between the
drug and the indicator.

Conclusion

Collagen is a protein present in all animals. It has
various uses in biotechnological and environmental
applications. One of the major uses of collagen in
drug delivery is that the fibrils can act as substrates
carrying the biosensor, which when released into
solution or drink, will have a potential reaction
resulting in a possible color change. VB12 was used
to represent the biosensor MR or BCG or BCP. It
took about 60 minutes to diffuse all the initial
concentration of 368.9 mol/m?® of VB12 in water
experimentally. A COMSOL model was created to
observe the diffusion of VB12 into water in order to
compare it to the experimental data. Both the
concentration profiles with respect to time were
similar with differences indicating that the COMSOL
data was more accurate than the experimental data.
The reason can be attributed to the sensitivity of the
spectrophotometer used in  determining the
concentration  of  the  biosensor  samples
experimentally.

Hand calculations were also done for a one-
dimensional diffusion for the same conditions.
However, the change in concentration was studied as
a function of height of the cylinder. This was again
modeled on COMSOL using 1D. The concentration
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change with respect to height was similar in both
cases. However, again COMSOL had more precise
values. A major reason as to why COMSOL was
more accurate is because it assumed continuous flow
and Excel model does not consider the system to
have a continuous flow.

Further for MR, the GHB indicator, the initial
concentration of about 3000 mol/m® was calculated.
The minimum concentration of MR needed to
produce a reaction between the GHB and itself was
about 6.31*105mol/m3.  Using these parameters,
COMSOL modeled different drink glasses, with the
shortest time it took for the indicator to diffuse
throughout the glass was in a shot glass with about 1
minute of diffusion time needed. However, it took a
pint glass the longest to diffuse with about 32
minutes of diffusion time needed. Future research is
needed to create a way to reduce the reaction time
between the drug and the indicator in each drink
glass.

Acknowledgements
Thanks to Manhattan College, USDA, Air Products,
Teepak-Devro, Peter Lindner and Gennaro Maffia.

References

[1] Szalai, J. Horvéath, N. Takacs and D. P. Kepper,
"Sustained self-organizing pH patterns,”" The
Owner Societies, 2011.

B. Bird, E. W. Stewart and N. E. Lightfoot,
Transport Phenomenon, Wisconsin: John Wiley
and Sons, 1960.

V. P. Dick, "Applicability limits of Beer’s law
for dispersion media with a high concentration
of particles,” APPLICATIONS-CENTERED
RESEARCH IN OPTICS, p. 4998-5004, 1998

R. Tauler, 1. A. Ridorsa and E. Casassas,
"Simultaneous analysis of several spectroscopic
titrations with self-modelling curve resolution,"
Chemometrics and Intelligent Laboratory
Systems, pp. 293-300, 1993.

Austin Community College, "How can | use a
spectrophotometer to determine the
concentration of solutes in a solution?,”
[Online].Available:
http://www.austincc.edu/biocr/1406/labm/ex2/p
relab_2_2.htm. [Accessed 8 December 2014].

COMSOL

(2]

(3]

[4]

(5]

Comsol, "Introduction to
Multiphysics," 1998-2013.

(6]

© International Journal of Engineering Sciences & Research Technology


http://www.ijesrt.com/

[Shivakumar, 3(12): December, 2014]

[7]1 Spectrum Chemical MFG Corp, "Spectrum
Chemical,” 2014. [Online].  Available:
https://www.spectrumchemical.com/OA_HTM
L/chemical-products_Bromocresol-Purple-TS-
USP-Test-Solution_B-
327.jsp?minisite=10020&respid=22372&phrase
=Bromocresol-Purple. [Accessed 8 December
2014].Spectrum  Chemical MFG  Corp,
"Spectrum  Chemical,”  2014.  [Online].
Available:
https://www.spectrumchemical.com/OA_HTM
L/

[8] S. Jackson, "Watch your drink," 2008. [Online].
Available:
http://www.watchyourdrink.com/coasters-
test.htm. [Accessed 8 December 2014].

[9] G. J. Maffia, "Weighted collagen microsponge
for immobilizing bioactive materials”. United
States Patent US4863856 A, 5 September 1989.

[10]G. J. Maffia, "Control of Pore Size and
Morphology in  Collagen  Microspheres,"
Materials Research Society, pp. 331-353, 1993.

[11]G. J. Maffia and J. F. Davis, "Collagen
dispersions for liquid-solid separations in water
treatment and sludge dewatering," Separations
Technology, pp. 147-152, 1995.

[12]M. Litman, "Apparatus for detection of
rohypnol, gamma hydroxyl butyrate, and
ketamine;  drug  screening;  colorimetric
analysis". United States Patent US20030224474
Al, 4 December 2003.

Author Bibliography

Snehanjani Shivakumar

Currently earning a Master’s
Chemical Engineering degree
at Manhattan College in New
York. Learning has always
been a great pleasure ever
since | was a child. My first
research project was with
Prof. Gennaro Maffia and
NASA. Other published
papers include “Rheology of
Collagen Dispersions
Manufactured from Waste
Corium for environmental
and biochemical applications
in 1JERT. Future plan
involves enrolling into PhD

programs.

ISSN: 2277-9655
Scientific Journal Impact Factor: 3.449
(ISRA), Impact Factor: 2.114

http: // www.ijesrt.com © International Journal of Engineering Sciences & Research Technology

[416]


http://www.ijesrt.com/

