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Taylor, A.

Lab 2:  1-D Diffusion in a Gel
Introduction
This lab will reinforce concepts addressed in BIOEN 335, Biotransport II.  In particular, we will focus on diffusion, the transport of matter through random molecular motion.  You have learned about the differences between binary and non-binary diffusion in 335 lecture, and in this lab you will have the opportunity to set up an experiment of non-binary diffusion to ultimately calculate the diffusivity of a molecule in a gel.  You will use a model which implements the analytical solution to the Diffusion Equation, based on boundary conditions, to predict an outcome for diffusion of a solute in a gel.  You will then use your experimentally-derived data to validate those predictions.

Background 

Biological Relevance:  Diffusion of molecules occurs throughout the body and is a key physiological process.  For example, we must be able to extract oxygen from the atmosphere and deliver it to our cells, which use it for essential metabolic purposes.  Oxygen first diffuses from the alveolus in the lung to the capillary blood vessel until the PO2 in the capillary is equal to that in the alveolus.  Then, the diffusion of oxygen from afferent blood vessels ensures the proper functioning of cells and tissues.  Diffusion of oxygen through the cornea provides the eye with necessary supplemental oxygen, as many components of the eye lack a great number of blood vessels.  In places with a very dirty atmosphere, oxygen concentration may be low, and the eye can dry out.  
Diffusion of pharmacological agents is also important in the treatment of illness.  For example, diffusion occurs during oral administration of medicine via pill capsules, as well as during delivery of medicine through the use of transdermal patches.


In particular relevance to this lab, transport of a molecule through mucus gel is important in the context of drug delivery.  In oral, intranasal, intravaginal/rectal, and ocular drug delivery, the mucus layer is one of the primary obstacles encountered.  The rate of transport of the therapeutic agents through the mucus layer can be an important determinant of their efficacy [1].  Thus, careful measurement of the diffusion of the solute of interest through mucus gel is a key component in the investigation of the feasibility of the solute as a therapeutic agent.  Oftentimes, due to the lack of availability and structural stability of native mucus gel, investigators will use a mucus gel mimic such as agarose gel (which we will use in this lab as well! Neato!). 

Physical Properties of Mucus  Gel:  Typically, mucus gel is composed of 90-95% water, by mass, and also contains glycoprotein fibers, lipids, oligosaccharides, migrating cells and cell debris, antibodies, and foreign species such as bacteria.  The structure of mucus gel is maintained by a dense network of flexible protein fibers .  The density of the fibers and the high viscosity of the mucus gel means there is relatively little fluid movement within the mucus gel.  Recall from 335 the discussion of convection (bulk movement) versus diffusion (kinetic transport) in mass transport.  Due to the physical properties of the mucus gel (which also include the presence of a lipid-rich fiber layer at the gel surface), convective transport is inhibited.  Any transport of solutes through the mucus gel is thus considered to occur though the process of diffusion [1].


Measuring Diffusion Coefficients:  Recall from 335 lecture the discussion on Fick’s law and molecular diffusion for a binary system, where both the solute and solvent are free to move.  However, there are many cases in which diffusion is occurring in a restricted space, for example, in diffusion across membranes, in cytoplasm, gels, etc.  Very relevant to this lab, in lecture it was explained how agarose gel can be considered as a rigid lattice that diffusing molecules have to move through.  The calculated diffusivity in this case is called the effective diffusivity and must be determined experimentally.  So, there is real-world relevance for this lab exercise!

To study diffusion through mucus, one experimental setup includes examining diffusion through a finite gel volume, in which labeled solutes are observed directly as diffusion occurs.  Because of the scale differences between the solute molecule and the thickness of the gel, the diffusion process can be considered as a one dimensional transport process in a semi-infinite medium (Fig. 1).  In this experiment, direct observation of the diffusion in a gel allows for the calculation of a concentration profile of the solute vs. distance at a specific known time point. 
	[image: ]
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	Fig. 1)  Semi-infinite model of diffusion and boundary conditions (left).  Adapted from [1].  For our experiment, we will utilize the same model of diffusion.  4.5 mL cuvettes will be filled with agarose gel to serve as our diffusion medium and mucus mimic.  Solute (blue dye) will be applied at the top of the cuvette.  The initial transition zone occurs at position x = 0 for this coordinate system (right).


 
The Diffusion Equation:  The diffusion equation for our case of 1-D diffusion describes how the concentration at position x changes as a function of time.  The supplemental pages for this lab contain the Diffusion Equation, plus the analytical solution to that equation based on the given boundary conditions [2].  




Lab Procedure 

Overview:  The purpose of this lab project is to experimentally determine the diffusion coefficient of our test molecule in agarose gel.  With a simple experimental setup, it is possible to extract the diffusion coefficient  from an analysis of the concentration profile.  The basics of the procedure are outlined below.  It is your responsibility to design the particulars of the experiment so that you can calculate the effective diffusivity (i.e. you need to make sure you have/record/obtain all the info you need during the data acquisition process to be able to calculate the diffusivity).

	Agarose-filled Cuvette with bromophenol blue dye.  Capture image with digital camera at known time point.  You will take images at multiple time points.  Recommended time span is ≈0 – [15 hours]; at least 4 distinct time points.  Hint:  you will want to take a lot of pictures before the 10 hr. timepoint

Processing for each image using ImageJ (NIH), starting with converting image to a greyscale image.

Grey level

Curve fit data in MATLAB, using the analytical solution equation, to calculate Deffective values.


	Fig. 2)  Basic Outline of Procedure, adapted from [3]:



Agarose gel/Cuvette/Bromophenol Dye:
 Notes:
· As a class, coordinate so that 2 stock solutions of agarose are made and you can share.  Each group will be testing a 2% and 1% agarose concentration.  
· 50 mL of each stock solution should be adequate, as each cuvette holds only 4.5 mL.

To make agarose gel:
Purified agarose is in powdered form and is insoluble in water at room temperature. But it dissolves in boiling water. When it starts to cool, it undergoes gellation. Rather than staying dissolved in the water or coming out of solution, gelation occurs via non-covalent interactions (like hydrogen bonding) and this causes the solution to "gel" into a semi-solid matrix much like "Jello" only more firm. The more agarose is dissolved in the boiling water, the firmer the gel will be. While the solution is still hot, we pour it into a mold so it will assume the shape we want as it forms a gel (otherwise it will solidify in the bottom of the flask wasting the expensive agarose, though this could be reheated in a hot water bath).
% solution = (dry mass in grams / volume in ml) * 100 (i.e. for a 1% agar gel, need 1 gram agar and 100 ml DI water) 
[bookmark: _GoBack]
-Weigh out agarose powder and add to Erlenmeyer flask
-Measure out distilled or DI water in a graduated cylinder
-Add water to Erlenmeyer flask (always use a much larger bottle than the amount of solution you are making, so it doesn't boil over)
-Weigh the flask and solution before heating.  Record.
-Swirl the contents of the flask and cover the top with a paper towel or plastic wrap with a small hole for ventilation.
-Microwave Erlenmeyer flask to eventually bring to a boil. Use a pot holder and swirl the bottle several times after microwaving initially (~30 sec-1min).  If agarose <2%, use HIGH, > 2% use MEDIUM setting.
Microwave again for 30 seconds and swirl again.  Look for cloudiness or chunks in the solution.  Repeat until the agarose crystals have completely dissolved.
BEWARE: agarose like other hot solutions can boil over unexpectedly when you swirl it.  Use a hotpad/potholder and swirl carefully at first. Hold at arm’s length.  Be Careful!!!!!!  
-(note: will need Oven glove to handle Erlenmeyer flask!)
-After dissolution, add hot distilled water to bring back to initial weight, and mix thoroughly.
-Let cool on benchtop for ~5 min.  Let cool to 60 deg. C before pouring.
-Swirl the flask immediately before pouring the gel into the cuvettes to make sure it’s mostly all at the same temperature.
-Pour hot agarose into mold, let gel form at room temperature.  CALL ALL THE GROUPS OVER TO FILL THEIR CUVETTES, AS THE AGAROSE WILL SET RATHER QUICKLY!
-When you are finished pouring the gel and all groups have filled their cuvettes, rinse out your Erlenmeyer really well with hot water, because hardened agarose is difficult to clean off glassware.

-Place lid on cuvette and allow a gel to form.  Cuvette needs to be sealed so water in gel doesn’t evaporate. The gel is ready when you can turn the cuvette on its side and little to no liquid motion occurs.

- Place the cuvette in a rack or something similar.  Design your  own setup.  You will have to share a cuvette rack with other groups, or you can design your own method.   Short rulers should be present in each photo for scaling.  
-When you’re ready to start your experiment, the 2% bromophenol blue solution will be provided to you.  Bromophenol blue should be added carefully on the top of the gel (500 µL), to a depth of <1 cm.
  

Imaging/Processing:
	-Cuvette images will be captured with class digital camera.  Or your cell phone probably has an even better camera these days!
	-Avoid use of the flash, as it will affect the grey value reading.
	-ImageJ can be downloaded for free  http://rsbweb.nih.gov/ij/


	-Things to think about:
· How will you set the scale in Image J?  (There are already hints about this above.)  Those of you who have measured anything with ImageJ will have experience with this.  Basically, you need to tell ImageJ how many pixels correspond to a known length.  
· Note that the analytical solution used to fit your data to determine the diffusivity is only valid when the inflection point is at x = 0.  You will need to make sure your data is shifted so that the inflection point (C = ½ C0) occurs at x = 0 for all your time points, in order to use MATLAB’s nlinfit to calculate the diffusivity correctly.  
· How will you identify your images, if you are using a class camera?  There are many groups in the class.  How will you identify which sample or timepoint?
  
Post-lab Analysis

Individually-based; i.e. each student needs to submit his or her own lab write-up.
All MATLAB code should be submitted.

Basics for ImageJ Processing:  
-open up image file
-convert to greyscale image
-set scale
-draw line
-Analyze  plot profile, get data values for grey value vs. distance.  Data can be cut and pasted.

With the grey value vs. distance data, use MATLAB to curve fit that data using nlinfit; input the analytical solution function as the model function and have MATLAB solve for D.  Hint:  A good initial guess for C0 can be obtained from the grey value at position x = 2 cm.


1)  Calculate and plot the concentration profiles [Concentration vs. Position] at different time points, using the analytical solution to the Diffusion Equation.  Hint:  You will need to select a value for D, so that C is your only unknown.  Justify your selection for a D value.  Let C0 = 1.0.  Use the boundary conditions that we implemented in the experiment.  You want to use this model to predict what your experimental results should look like, so use the same time points as the ones for your actual experiment.  Plot the profiles for all time points on the same plot.  So, you should have at least four concentration profiles on the same plot.

2)  Use your experimental data to calculate D values.  Show plots of concentration vs. position at your measured time points.  How do your measured concentration profiles compare with the predicted profiles generated in question 1??  Were you able to predict the experimental outcome?  Also, how reasonable is your calculated value for the effective diffusivity?    Does it make sense in the context of what you know about typical values for diffusion coefficients from BIOEN 335?  

3)  Compare the D values calculated experimentally from different time points for the same gel.  Did each data set yield a similar D values?  How much variation exists?   Compare the D values obtained from the two gels with differing agarose concentrations.  Would you expect the effective diffusivity to be higher or lower in a gel that is more concentrated?  Did you actually see that in your experiment?    
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Figure 2. Calculated concentration profiles from the solution to the diffusion equation with D = 10~ cm? s~ at different times. M

Experimental example

E==

ApH indicator, bromophenol blue, is shown diffusing into an agar gel over a 24 hours period. The scale s in cm.

‘The movie illustrates 24 hous of diffusion of the pH indicator bromophenol blue in an agar gel. Notice again how slow the dye diffuses into the gel. Even with this simple setup, it is possible to extract the diffsion cocffcient. Figure 3 shows a curve fit to the grey level vs
‘position for an image after 12 hours. Image] is a free Java program that allows quantitaive data analysis inchude plotting grey level versus position along a selected lne.
- 20

0

Grey Level





image4.png
Imaged

Image Processing and Analysis in Java




image5.png
200

100

500

0.00
a

2 3

Position (cm)




image6.png
 Biomaterials and Regenerative Me.. | { Doodle: Electives Review Mecting | [6] The Physiology of Oxygen Deliver...

[1UW Mail - Inbox 71) - actaylor@u..* | _ Diffusion Module

|-

- howto change the font ize in s textboxin adobe 9|

pojman.com/mg_materials/Diffusion/Diffusion.html wvel

Most Visted @ Getting Stred 3 Lotet Heslines (5 Recently Bookmarked £ focs - GoogleSech I 12650 iga Ploc,Son.. 3 sookmats
= s o :
o
= 'y
g b
S os "
g
g 5
g &
S ow 3
020 d

2 45 -4 905 o0 05 1 15 2

Position (cm)
Figure 2. Calculated concentration profiles from the solution to the diffusion equation with D = 10~ cm? s~ at different times. M

Experimental example

E==

ApH indicator, bromophenol blue, is shown diffusing into an agar gel over a 24 hours period. The scale s in cm.

‘The movie illustrates 24 hous of diffusion of the pH indicator bromophenol blue in an agar gel. Notice again how slow the dye diffuses into the gel. Even with this simple setup, it is possible to extract the diffsion cocffcient. Figure 3 shows a curve fit to the grey level vs
‘position for an image after 12 hours. Image] is a free Java program that allows quantitaive data analysis inchude plotting grey level versus position along a selected lne.
- 20

0

Grey Level





image7.png
Imaged

Image Processing and Analysis in Java




image8.png
200

100

500

0.00
a

2 3

Position (cm)




image1.png
Co

X=0 X=zoo

I

Direction of molecule diffusion  Diffusion medium
————

C, = constant C..=0





image2.emf
t = 0

x = 0

x = 2 cm

1-D Diffusion Lab Setup

C = C

0

C = 0

t >> 0


