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The delivery of nanoscale medicines to cells in the human body requires 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 a dyes (and drugs) effect 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. 

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: A container that holds the following materials is at each station.
1. Three sets of Petri dishes (2 sizes: one slightly large than the other; e.g., 6 cm and 10 cm diameters (the smaller Petri dishes will have a 1 cm diameter hole in the center of the bottom).

2. Food dye. (Red, Blue and yellow)
3. Two 10 ml syringes 

4. Paper cups to mix dyes

In each Lab you will find the following items to be shared by the groups:

1. petroleum jelly
2. Prepared gelatin for group use

Set Up the Experiment: The set up of this experiment is in two parts. Part I will be done Monday morning. Part II will be done Monday afternoon.
Part I 

(Step 1 & 2 have been done for you. We provide this information for later use)

Step 1.  Dissolve gelatin at double strength (e.g., use 2 packets in 1 cup water)

Step 2.  Heat the water to dissolve (e.g., microwave the mixture for 1.5 minutes)

Start with Step 3

Step 3.  Obtain three of the smaller Petri dishes that have had holes dilled in the bottom.

Step 4.   Line the inside rim of the smaller Petri dishes with petroleum jelly
NOTE:  This is a critical step in the success of this experiment!  Make sure the entire inside lip and bottom edge of the Petri dish is coated. It doesn’t need a large amount, but a good uniform coating is required

Step 5.  Invert and center each of the small Petri dishes inside each of the larger Petri dishes.

Step 6.  Set aside each large Petri dish on the sheet of paper in a level place (probably near the wall).  Make sure it will not be disturbed accidentally, that you can use your camera to take pictures, and that you identify your group. Once the Gelatin has been inserted you DO NOT want to move the sets. 
Step 6.  SLOWLY (drop by drop) inject 10 ml of cooling gelatin through the hole into each of the smaller dishes.
NOTE:  If any gelatin leaks out from under the smaller Petri dish, stop, clean everything out and start over.

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.  Gently and very slowly pull up on the small Petri dish that contains the cooled gelatin. WE REALLY DO MEAN SLOWLY! The gelatin will slip off and remain attached to the bottom of the larger Petri dish.

Step 3.  Using a clean 10 ml syringe, insert 8 ml of 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
Collect Data 

· 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 (Small Petri Dish).
· Try to take the pictures in the same sequence each time 

· Record the date and time for each photograph.
· Save all pictures to your laptop or a thumb drive.
