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Project 2.3.2: Diabetic Emergency!

Introduction
Insulin is needed to maintain proper blood sugar levels, but in Type 1 diabetics, this balance does not happen naturally. The diabetic not only has to inject him or herself with insulin, but they also must keep the insulin level in balance with blood sugar, a feedback mechanism that happens naturally in non-diabetics. Since her diagnosis, Anna adjusted to checking and regulating her blood sugar with insulin. But on more than one occasion, she lost control of this balance and her body experienced a diabetic emergency. Read about each of these incidents and connect her symptoms to what was happening with her blood sugar, and consequently, her cells. 

In Activity 2.3.1 you learned that monitoring blood sugar is vital for the health of Type 1 diabetics like Anna Garcia. The food Anna consumes is digested by the body and glucose is released into the bloodstream. Blood courses through the network of vessels connecting the top of the head to the tip of the toes. It transports the nutrients, oxygen, enzymes, and hormones that the body’s cells need to function and transports waste for disposal. Blood is filtered by the kidneys and excess water and other materials not needed by the body are then excreted as urine. 

In this activity you will use a model of a cell to simulate how the body reacts to varying blood glucose concentrations. Cells in your body are surrounded by a semi-permeable membrane that regulates which molecules and substances can move in and out of the cell. It is referred to as semi-permeable because of its selective nature – some substances can move in and out, while others are not permitted passage. Chemicals and nutrients strive to maintain an equal balance on either side of the membrane. Glucose is too large a molecule to diffuse or simply pass through the phospholipids making up the cell membrane. However, water can easily move back and forth to even out the concentration of dissolved substances. This movement, called osmosis, maintains a water balance in the body. Excess or too little sugar in the blood can force water in or out of the body’s cells. Pay attention to the movement of water in each of your model cells and think about how this movement relates to the symptoms Anna experienced in each emergency situation. 
Equipment 
35 mL normal saline solution (0.9% NaCl)
3 pieces of dialysis membrane, 15-20 cm long
4 beakers, 250 mL
100 mL water
Unknown simulated serum samples (Serum A, Serum B, Serum C)
Transfer pipette or 10 mL disposable pipette
10 mL graduated cylinder
50 mL beaker 
Balance
Timer or clock
Laboratory journal
PBS Course File
Activity 2.1.1 Medical History Resource Sheet
Procedure
Take out Anna Garcia’s medical history document from Activity 2.1.1 and review her initial symptoms. Note that Anna mentions excessive thirst and frequent urination. As you complete this activity, think about how these symptoms relate to what is happening in her cells. 
Read the three scenarios below. Each incident showcases one event in Anna’s struggle with diabetes. Circle any symptoms experienced by Anna. Maintenance of proper blood sugar levels through diet, exercise, and in the case of Type 1 diabetics, insulin, is vital to everyday health. 
· Scenario #1 (Anna, age 16) 
On a hot day in August, Anna pushed herself too hard in a soccer game that went into overtime. She felt dizzy, but she wanted to press on for her team. She ate a good meal before the game and took what she felt was the appropriate amount of insulin, but by the end of the game, she was trembling and clammy. Even though she felt weak and her vision was blurry, she stayed on the field with her teammates to celebrate the win. Before she made it back to the bench, she passed out in the arms of a teammate. An ambulance was called and Anna was rushed to the ER. She had a brief seizure in the ambulance.  
· Scenario #2 (Anna, age 25)
Anna went on vacation with her friends to an all-inclusive resort. Even though she checked her blood sugar frequently, there were times she forgot to bring her supplies with her down to the beach. She allowed herself to splurge on desserts that were not sugar-free. She even had a few glasses of wine. She noticed that she had to go to the bathroom quite often, but she just assumed that was due to the alcohol. She also drank tons of water throughout the day, but attributed her thirst to the heat and humidity. On the 3rd day of the trip Anna felt like she was getting the flu. By the evening, she was confused and disoriented and was beginning to speak incoherently. Anna took more insulin, but her friends took her to the doctor just to be sure she was OK. Luckily, Anna was given IV fluids and sent home after a few hours. 
· Scenario #3 (Anna, age 29)
At a wedding, Anna knew she would be consuming more food than she normally ate. She took extra insulin before she got there so she did not have to worry about injections during the reception. She figured the ceremony would be short and she could enjoy snacks at the cocktail hour that followed. Unfortunately, the ceremony went longer than expected and she began to feel a bit dizzy. She immediately drank a juice box that was in her purse and she soon felt back to normal. She stopped to check her blood sugar before the reception just to be sure. 
Read the Nemours KidsHealth article When Blood Sugar is Too High available at http://kidshealth.org/kid/diabetes_basics/living-diabetes/high_blood_sugar.html#cat20833 
Define the term hyperglycemia in your laboratory journal. Think about the prefix hyper and how it relates to this condition. Under the definition, list common symptoms of hyperglycemia as experienced by a diabetic. 
Read the Nemours KidsHealth article When Blood Sugar is Too Low available at http://kidshealth.org/kid/diabetes_basics/living-diabetes/low_blood_sugar.html#cat20833 
Define the term hypoglycemia in your laboratory journal. Think about the prefix hypo and how it relates to this condition. Under the definition, list common symptoms of hypoglycemia as experienced by a diabetic. 
Answer Conclusion question 1. 
Return to the scenarios presented in Step 2. Using what you have learned in the readings, decide in each case if Anna was hyperglycemic, hypoglycemic, or ultimately unaffected. Write the diagnosis next to the paragraph.
Note that you will now complete an experiment to demonstrate what was happening in Anna’s cells in each of these scenarios. Using a model cell created from dialysis tubing, you will determine which of three blood serum samples represents Anna’s blood at the time of each incident. Pay attention to the movement of water in and out of the cell. Remember that the glucose molecule is too large to pass across the semi-permeable cell membrane. Instead water moves to balance the amount of dissolved substances, solutes, inside and outside of the cell. At homeostasis, the inside of cells and the blood that bathes them contain the same relative concentration of solutes and water remains balanced. If the balance of dissolved substances shifts, water will move and cells will either swell or shrink. 
Make predictions about what will happen to Anna’s cells in each scenario. Record your ideas in your laboratory journal. 
Soak the pieces of dialysis membrane in a 250mL beaker containing 100 mL of water for at least 3 minutes. 
Obtain 3 blood serum samples labeled “Serum A”, “Serum B”, and “Serum C.”
Label a 250mL beaker for each solution. Fill each of three beakers with 200 ml of the serum solution indicated on its label.
Make a data chart in your laboratory journal. The rows should be labeled: Serum A, Serum B, and Serum C. The columns should be labeled: Initial Mass and Final Mass.
Carefully take one piece of dialysis tubing out of the beaker of water.
Tie a knot as close to one end of a piece of dialysis membrane as you can. Tie it as if you were tying the end of a balloon. Take turns so that each team member has the opportunity to tie a piece of membrane during the course of the activity. 
Tie a second knot just above or below your first knot. You want the knots to be tight, but don’t damage the membrane by pulling too hard and stretching it.
Open the untied end of the dialysis membrane. Sometimes the membrane is difficult to open. If you have difficulty, make sure the membrane is very wet and slippery to the touch. Place the untied end between your thumb and index finger and quickly rub your two fingers together. Look carefully at the end of the membrane, and you should see a gap where the two sides have separated. Open the gap until the entire end of the membrane is open. Take turns so that each team member has the opportunity to open a piece of membrane during the course of the activity.  
Transfer 10 mL normal saline solution into the membrane. This will represent the contents of a body cell. Note that all of the water in our body is filled with solutes. Therefore, when you simulate a cell, it is important to use a saline solution (a water solution mixed with salt) instead of pure distilled water.
Tie this end of the membrane as you did in steps 15 and 16. Make sure you leave room for expansion inside the membrane. Once tied, the membrane should look like a slightly deflated balloon. It should not look like a small balloon filled to capacity.
Answer the questions below the following diagram:
[image: ]

Which part of this lab represents the blood stream? ________________
Which part of this lab represents the cell?  ________________
Which part of this lab represents the cell membrane? ________________

Measure the mass of the dialysis membrane cell. Record its mass in your laboratory journal in the Initial Mass column and the Serum A row.
Place this membrane into the beaker labeled Serum A. The membrane should be completely submerged for 20 minutes. Keep track of time as you set up your other membranes.  
Repeat steps 14 to 19. Measure the mass of the dialysis membrane cell and record the initial mass in the Serum B row.
Place this membrane into the beaker labeled Serum B. The membrane should be completely submerged for 20 minutes. Keep track of time as you set up your other membrane. 
Repeat steps 14 to 19. Measure the mass of the dialysis membrane cell and record the initial mass in the Serum C row.
Place this membrane into the beaker labeled Serum C. The membrane should be completely submerged for 20 minutes. Keep track of time.
After each membrane has been submerged for 20 minutes, remove it from the beaker. 
Gently dry the outside of the membrane balloon by loosely wrapping it in a paper towel. Do not press on the balloon or leave it in the towel. You just want to remove any liquid clinging to the outside.
Measure the mass of the balloon and record the mass in the Final Mass column for the appropriate solution.
Repeat steps 28-30 until all three membranes have been massed.
Follow your teacher’s instructions to clean up your work area and dispose of the materials.
Calculate the change in mass for each of the membrane balloons. Show and label your calculations in your Laboratory Journal.

Calculate the percent change of each of the membrane balloons. Show and label your calculations in your Laboratory Journal. The percent change is calculated using the formula:. 
Think about why water moved in or out of each cell. Relate this finding to the amount of glucose in the simulated serum sample. Use your data to make conclusions about which serum sample matched with which scenario in Anna’s life. Copy the following into your laboratory journal. Fill in the blanks with your findings. Write 1-2 sentences under each scenario that explains how you were able to match it to the simulated serum sample. 
· Scenario #1 = Serum ______

· Scenario #2 = Serum ______

· Scenario #3 = Serum ______

Label the following pictures to match the blood serums used in this lab. Draw an arrow indicating the direction of water movement (either in or out of the cell).
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Answer Conclusion questions 2 and 3. 
In the Explanation of Symptoms section of the Activity 2.1.1 Medical History Resource Sheet, explain why Anna experienced symptoms of excessive thirst and frequent urination. Hint: Think about what happens to water in relation to our cells. Use the results of your experiment to justify your conclusions. 
File the Activity 2.1.1 Medical History Resource Sheet in the appropriate tab of your course file. Use the PBS Course File – Table of Contents as a guide.
Note that insulin pumps are now available to help diabetics regulate blood sugar. Read the American Diabetes Association article How Do Insulin Pumps Work? article available from http://www.diabetes.org/living-with-diabetes/treatment-and-care/medication/insulin/insulin-pumps-how-do-insulin.html. Take notes in your laboratory journal about how these pumps work and how the device can help diabetics. Also note potential disadvantages of the pump. 
Answer the remaining Conclusion questions.  
Conclusion
1. Explain the role that exercise plays in maintaining healthy blood sugar levels. 





Describe what happened to the model cell that was submerged in a low glucose solution for 20 minutes. Explain why this occurs. 





Explain why hospitals use saline solutions to hydrate patients instead of distilled water.





How does preventing a diabetic emergency affect the day to day life of a diabetic? What special considerations do they have to make as they go about their day?






Explain how having an insulin pump may decrease the chance of a diabetic having a diabetic emergency. 
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