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STEM ED/CHM Nanotechnology 2015
Lab Handout
Diffusion of Food Dye Through Gelatin Lab: A Model for Diffusion of Nanoscale Particles Through Tissues and Cells

Part A: Learning Targets
You should know:

1. All particles are in constant random motion. 

2. Diffusion is the process of particles randomly moving from where they are more 

concentrated to where they are less concentrated until equilibrium. 

3. Diffusion is one of the ways in which particles, like glucose, oxygen, carbon dioxide, and water 

move into and out of cells. 

4. Diffusion is also one of the ways in which medicines are delivered to tissues and cells.

You Should Be able to:

1. Describe diffusion.  

2. Give an example in your life of diffusion.
3. Describe why this lab is a model for the diffusion of nanoscale materials into cells. 
4. Explain the strengths and weaknesses of this activity as a model for the diffusion of nanoscale medicine into human tissue

Part B:  Introduction/Background

 
Have you ever smelled cookies baking in an oven when you were not in the kitchen?  Whenever you smell something, particles are moving through the air from the source of the smell to your nose!  Smelling something is an example of diffusion. Diffusion is a process, which involves the random movement of particles from where they are more concentrated to where they are less concentrated.
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Diffusion is used to reach equilibrium: a condition in which the concentration of a substance is equal throughout a space. Dissolved particles that are small or non-polar can diffuse through cell membranes.  The process of diffusion is one of the ways in which substances like glucose, oxygen, carbon dioxide and water move into and out of cells.
The rate of diffusion is can be affected by various factors: temperature; particle size; concentration of the diffusing material, density of the material through which a material diffuses.   Diffusion happens more quickly in higher temperatures. Large particles diffuse more slowly. 

The delivery of nanoscale medicines to cells in the human body will require that the medicines diffuse through tissues and cell membranes.  In this activity you will explore the affect of particle size on diffusion rates. 

     
Understanding molecular diffusion through human tissues is important for designing effective drug delivery systems. Gelatin is a biological polymeric material with similar properties to the connective extracellular matrix in tumor tissue and is therefore a good model system to investigate diffusion. In addition, household dyes are similar in molecular weight and transport properties to many chemotherapeutics.  For example, tartrazine (FD&C yellow #5) has a molecular formula of C16H9N4Na3O9S2 and brilliant blue FCF (FD&C blue #1), has a formula of C37H34N2Na2O9S3.
The diffusion of the different color dyes will be compared to demonstrate the effect of molecular weight on transport nanoscale medicines in tumors. Gelatin will be formed into cylindrical disks in Petri dishes and colored solutions will be added to the outer ring. Over the course of several days the distance that the dyes penetrate into the gelatin disks will be measured. These experiments are designed to show that: 

1. diffusion is very slow (on the order of micrometers per hour)

2. physical properties of dyes (and drugs) affect the rate of diffusion. 

     The implications are that: 

1. Understanding the relation between diffusion and convective delivery (through the vasculature) is essential, and 

2. The properties of delivery systems should be carefully tailored to enhance drug penetration and retention. This tailoring is one of the important goals of nanotechnology research.

Part C: Laboratory 

Purpose: The purpose of this lab is to observe the effect of particle size on the rate of diffusion. This activity is used to model the delivery of nanoscale medicines to organs, tissues and cells in the human body. 

Hypothesis 1:  If three different colors of food coloring are injected on the outside of three different gelatin disks, their rates of diffusion will be the same/different,  because ___________________________________________________

Hypothesis 2: If a mixture of red and yellow food coloring is injected around the outside of a gelatin disk, then ________________________________ because _______________________________

Materials

At each workstation you will find a container that holds the following materials

1. Four sets of Petri dishes (9 cm diameters) 

2. Food dye. (Red, Blue and yellow)
3. Three 10 ml syringes 
4. Graduated cylinders for measuring water 

5. Plastic cups for dye solutions

6. A ringstand used to establish a “camera station”

7. White paper

Procedure 

Part I—Setting Up the Camera Station
a. Tape the white paper down on the lab surface.  Center the bottom of one of the Petri dishes on the paper and trace around the outside circumference of the bottom.  You will then have a circle upon which you can place your Petri dish each time you photograph it. 

b. Set up the ring stand and clamp so that you can take a photo of the Petri dish from above.  The dish should be in the center of your photograph.   Make a note on the lab table the placement of the ring stand as well as the distance from the table to the camera.  This way, if the clamp or stand are moved somehow, you can re-create the same set up for taking photos of the gel over time. In other words, camera distance, lighting and placement from the gel should be a constant during this experiment. 
Part II--Making the Gelatin Disks (the gelatin has been prepared for you. Directions for making the gelatin are in the teacher resource handout).
a. Separate the lid from the bottom of each of 4 Petri dishes. 
b. Spread a THIN film of petroleum jelly evenly on the inside bottom surface of each of the bottom sections of the dishes.  
c. Using the biscuit cutter, cut out four gel disks.  
d. NOTE:  Cutting the disks is an important step in the success of this experiment!  Make sure that you leave a little space between circles, that the cutter firmly and evenly contacts the bottom of the pan and that you rotate the cutter back and forth a couple of times to ensure the edges have been properly cut.
e. Put the top side of each GELATIN DISK face down in the bottom of each Petri dish (on top of the Petroleum jelly).  The top side of the gelatin should go FACE DOWN because it is the smooth side and you want a smooth surface to be in contact with the bottom of the dish. Gently apply pressure to the disks to ensure they are firmly attached to the bottoms of the dishes.  

Part III: Mixing the Dye Solution

a. Pour 16 mL of water into a plastic Dixie cup or beaker.  Add 16 drops of red food dye and mix. 

b. Repeat the steps above with yellow and blue food dye. In the end, you should have 3 cups each with 16 mL of either red, yellow, or blue colored water. 

c. Pour 16 mL of water into a 4th Dixie cup.  Add 8 drops of red dye and 8 drops of yellow dye to make 16 mL of orange solution.  

Part IV: Injecting the Dye Solution
a. Using a clean 10 ml syringe, insert 16 mL of the dye solution (one color per dish) into the region surrounding the gelatin disks in the 4 Petri dishes.  
b. Inject dye towards the outside of the petri dish, not towards the gel.  Avoid getting dye on the top or underneath the gel. 
c. Place the lids back onto each of the 4 Petri dishes. 
Data Collection

1. Each day, at 8:45 AM and 4:45 PM take digital photos of each of your Petri dishes.  Photograph the dishes with the flash off and the lids off of the dishes to avoid glare. Put the lids back on after photographing.  

2. Your photos should be taken from above and at the same distance each day.  Try to avoid parallax by keeping the camera parallel to gel surface. 

3. Take pictures in the same sequence each time. 
4. Record the date and time of each photograph either by using the date stamp feature of your camera or by including a date and time label (handwritten on a piece of paper) in the photograph.  

5. Every time you take a picture, use a metric ruler to measure the distance in millimeters that the food dye has diffused into each gelatin disk and record the results in the data table. The diffusion front will be “fuzzy.” Try your best to determine the farthest distance the dye has traveled and measure that distance. 

6. Compare the eye measurements with the digital photo analysis at the end of the experiment.

Data Analysis 

Diffusion Measurement by Eye

1. Using excel, another graphing program or by hand, graph the distance traveled for each dye over time (hours).  X-axis is time (hours) and Y-axis is diffusion distance (mm). 
2. Using Y = mx + b, calculate the slope of each of the lines for the first 2 days. The slope is the rate of diffusion.  In the first two days, the relationship between distance and time is somewhat linear.*
4. For the last time period measured and for each color of dye, calculate and record the mean percentage of diffusion.  

Use:  ______ mm  /32.5 mm    x  100  = _______ %

          Total                        radius of gel

                distance                          cast

                traveled by              

                Dye particles

* For a given material, there exists a fixed value, called a diffusion coefficient.  The diffusion coefficient discounts electrostatics, but counts substrate and molecular size. The diffusion distance (L) of a particular substance through a given material varies with time to the 1/2 power (t ½)

Diffusion Measurement from a Digital Image

1. Group gel images by color, date/time order. 

2. Create a data table (paper, Excel, other spreadsheet)
3. Load each image, then magnify. 
4. Using a metric ruler, for each color and time, measure the distance that the dye has diffused from the edge of the gel disk. Determine the actual distance diffused by:  Diameter of gelatin disk (in cm) on the computer screen/6.5 cm (actual diameter) =  multiplier.  Diffusion distance on computer screen x multiplier = actual distance diffused.  

5. Record the calculated diffusion distances for each color and time in a table. 

6. Graph the data. 

Diffusion Measurement Using ADI (Analyzing Digital Images) Software
1. Download DEW software from: http://www.umassk12.net/adi/
2. Follow the powerpoint instructions on how to use the software to measure diffusion. 
3. Compare these measurements with the ones done by eye.  

CONCLUSION
Do the data from this experiment support your hypotheses?  Explain using evidence from the data.
Questions to Consider

1. The purpose of this investigation was to test the rate of diffusion of different colors of dye into gelatin over time.  This process is used to model the delivery of nanoscale medicines to target sites. The different colors of dye have different molecular weights.  What do the data suggest?

2. What are some variables that affect rate of diffusion which are not considered in this lab?

3. What did you observe about the diffusion of plain red, plain yellow and the mixture of red and yellow? What are the implications of this? 

4. How do your group’s data compare with data from other groups? Identify reasons for differences, i.e., possible sources of error in the experiment.

5. How do the measurements you made by eye compare with the measurements you made from the gel images?  What are advantages and disadvantages of the two ways of measuring?

6. What are the strengths and weaknesses of using gelatin and food dye as a model for the delivery of nanomedicine to targeted organs, tissues, cells?

7. In addition to diffusion rate, the retention of nanomedicines is also an important consideration.  What do you suppose is the relationship between diffusion and retention? How could you test your idea?

7. What are the connections between the results of this activity and the transport of drugs in the extra-vascular space?  
Experimental Design Questions

This investigation provides an opportunity for you to analyze an experimental design:

a. What is the independent variable of this experiment?

b. What is another independent variable that you could test, using the same    


materials, that may serve as a model for the delivery of nanoscale medicine?

c. What is the dependent variable of this experiment?

d. Why is it important to have repeated trials?

e. What are some of the constants (controlled variables)?

f. What are some sources of error in this experiment?

g. What could you do to improve this experiment? 

