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The delivery of nanoscale medicines to cells in the human body will require that the medicines diffuse through tissues, organs 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. They have the advantage that their concentration can be easily determined simply by color intensity. For example, green food dye contains tartrazine (FD&C yellow #5) and brilliant blue FCF (FD&C blue #1), which have molecular formulae of C16H9N4Na3O9S2 and C37H34N2Na2O9S3, and absorb yellow light at 427nm and blue light at 630nm.
     The diffusion of the different color dyes will be compared to demonstrate the effect of molecular weight on transport in tumors. Gelatin will be formed into cylindrical shapes 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 cylinders 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. 
     In other words, the smaller food coloring dye molecule the diffuse faster.  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.
Materials

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

1. Four sets of Petri dishes 10 cm diameters 
2. Food dye. (Red, Blue and yellow)
3. Three 10 ml syringes 
4. Paper cups to mix dyes

Part I 

(Steps 1 to 6  have been done for you.  We provide this information for later use)

Step 1.  Select a suitably sized baking pan  (a 6 by 9 pan will make about 9 to 12 circles

 based on the size of cookie cutter).

Step 2.  Using a measuring cup determine the amount of liquid required to create a depth

 

of at least 1cm in the selected pan ( even 1 cup increments desired).
Step 3.  Dissolve gelatin at double strength (e.g., use 2 packets in 1 cup water)

Step 4.  Heat the water to dissolve (e.g., microwave the mixture for 1.5 minutes)
Step 5.  Coat the pan with a light, but complete coating of either Crisco or petroleum 


jelly.

Step 6.  Pour heated gelatin solution into the baking pan and completely cool
Start with Step 7
Step 7.  Using a metal circular cookie/biscuit cutter (50/60 mm is diameter), cut the gelatin into as many separate, but complete, circles as possible.
NOTE:  This 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 insure the edges have been properly cut.
Step 8.  Using a flat, flexible tool (a cake frosting spatula works well), carefully remove the extra gelatin from around the cut circles.
Step 9.  Separate the Petri dish tops from the bottoms
Step 10.  SLOWLY slide the flat tool under a circle and separate from the pan.
NOTE:  Some damage may occur during the above step.  For this reason it is important to use the top portion of the circle as the part that will be in contact with the Petri dish.
Step 11.  Carefully place the removed circle on the Petri dish top side to the bottom of the dish.  Make sure the circle is reasonably centered.

Part II
Step 1.  Dissolve red, blue, and yellow food dyes in water using a clean container for each color so that the color is strong but still translucent.
Step 2.  Using a clean 10 ml syringe, insert dye solution, one color per Petri dish, into the region surrounding the gelatin casts.  DO NOT get food coloring solution on the top of the gels – IMPORTANT – Record the amount of fluid used.
Step 3.  Using the fourth Petri dish, insert an equal amount of red and yellow solution into the region surrounding the gelatin cast. (Each solution should be 50% of Step #3)
Observe the Results 

Collect Data and Observations 

Each day, at 8:30 AM and 4:30 PM take digital photos of each of your Petri dishes.  

Your photos should be taken from above and approximately the same distance each day.  

Try to center the frame for the maximum coverage of the gel cast.
Try to take the pictures in the same sequence each time 

Record the date and time of each photograph.

Using a metric ruler estimate the distance in millimeters that the food dye has penetrated into each gelatin discs and log the results.  (The edges of the gelatin discs and the diffusion front will be clearly visible. Both edges will be "fuzzy".  Measure from the center of each “fuzzy” region.)
We will compare these observations with the digital photo analysis at the end of the experiment.
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