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How can an artiﬁcial pancreas model
increase understanding into the method
of release of insulin when human blood
sugar is high?

Hypothesis
• The higher the concentration of baking
soda the more vinegar pumped into the
baking soda solution to balance it.
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0.85 M baking
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and low pH
vinegar
solution

Independent
variable

4.
5.
6.

• High pH
baking soda
solution

Dependent
variable
• Amount of
low pH
vinegar
solution
pumped into
the high pH
baking soda
solution

7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

20.
21.
22.
23.
24.
25.

Background Research
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Before starting this project, research had been conducted on artiﬁcial
technologies used to monitor and treat diabetes. There are multiple
nanotechnologies that are used to manage glucose (blood sugar) levels. This
project simulates the use of an artiﬁcial pancreas technology that utilizes a
sensor to detect the amount of glucose in the bloodstream and excretes the
appropriate amount of insulin to bring the body into a normal range. Diabetes
is a disease that affects a person's ability to regulate their blood sugar levels. It
is sometimes difﬁcult for a diabetic to constantly monitor their blood sugar
levels. If a diabetic person does not regularly monitor and normalize their
blood sugar levels, the diabetic can become dangerously sick.
To counteract an unbalanced blood sugar level, diabetics can inject themselves
with insulin. Insulin is a hormone released by the pancreas. The purpose of the
insulin is to chemically interact with glucose in the blood and eliminate it.

In order to ﬁx this problem, I disassembled and reassembled the experiment wiring and
reconnected the alligator clips, my sensor and my breadboard. These changes improved my
experiment outcomes because the sensor slowed down pumping almost to a stopping
point, yielding more accurate results. The overall trend of the artiﬁcial pancreas was that as
the concentration of high pH baking soda solution increased (more glucose in the blood)
there was an increase in the volume of the low pH vinegar solution pumped (insulin
released). This trend was evaluated at a number of different high pH baking soda solution
concentrations.
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Controlled
variables

Results
One problem found early on with the solution was at times the pump kept pumping
vinegar. At one point the vinegar solution was pumping non-stop into the baking soda
solution bowl. One belief is that the sensor lacked adequate sensitivity to identify low
baking soda concentrations. The copper electrodes showed deposited contamination after
several experiment repetitions. This is a problem because if a person’s pancreas continued
to pump more insulin than needed it could endanger their health. Recently a man’s
artiﬁcial device pumped 3 days worth of insulin in a few hours and the man died due to this
error.
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Digital Scale
Graduated Cylinder
Baking Soda
Distilled White Vinegar
Plastic Bowls
Plastic Straw
Pens/Sharpies
Distilled Water
Electronic Breadboard
Potentiometers
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Cut a plastic straw to a length of approximately 6 centimeters long. If possible use the bendable part of the straw as
this will help keep the wire on the sensor.
Cut two 15 centimeter long pieces of wire from a spool of copper wire.
Wrap each copper wire around the ends of the straw. Loop the copper wire about four times around the straw leaving
each wire with a tail that is about 6 centimeters long. The wire should be wound tight enough around the straw so
that it does not easily move. If the wires move too much they could change the amount of conductivity detected by
the sensor.
Cut a small piece of Styrofoam about as large as the straw.
Poke the copper wire tails from the straw through the Styrofoam piece.
On the opposite side of the Styrofoam from where the straw is, bend the copper wire enough to keep the wires from
sliding down through the Styrofoam. The amount of copper wire submerged in the solution can change how much
conductivity the sensor detects so the Styrofoam piece will help keep the wires submerged to the same depth in the
liquid for all tests.
Build electronic breadboard circuit per provided schematic design.
Attach the alligator clip leads from the circuit to the copper wires on the sensor.
Connect artiﬁcial pancreas model to circuit for testing.
Label three mixing bowls "Neutralized," "Vinegar," and "Baking Soda."
On a gram scale weigh out 14.3 grams of baking soda.
Put the 14.3 g of baking soda into the mixing bowl labeled "Baking Soda."
Using a graduated cylinder measure out 200 milliliters of distilled water and add to the baking soda in the mixing
bowl.
Mix the baking soda and water until the baking soda is completely dissolved.
Measure out 100 mL of the baking soda solution and pour it into the mixing bowl labeled "Neutralized”.
Measure out 100 mL of distilled white vinegar and slowly add it to the "Neutralized" bowl. The baking soda and
vinegar solution will react. Once the solution stops reacting the solution should be balanced.
Measure out 200 mL of distilled white vinegar and carefully pour it into the "Vinegar" bowl.
Place both ends of the tubing connected to the pump in the "Vinegar" bowl.
To determine the pH of the baking soda solution, the vinegar and the neutralized solution add 1 teaspoon of
bromothymol blue indicator solution to each bowl. Each solution will change color: the vinegar should turn yellow,
the neutral solution green, and the baking soda solution blue. Additionally use pH paper to measure the pH of each
solution.
Place your conductivity sensor in the "Neutralized" bowl. Note the pump may start running as soon as you put the
conductivity sensor in the neutralized solution.
Once the pump is running, slowly turn the potentiometers knobs to turn the pump off. Adjust the knobs until they
are at a point where the pump operates very slowly and almost turns off.
Mark the pump tube with the liquid flowing out of it (outlet tube) with a small dot using a permanent marker.
Remove the conductivity sensor from the balanced solution and rinse it briefly with some baking soda solution to
remove any balanced solution on it.
Leave the unmarked pump tube (inlet tube) in the "Vinegar" bowl. Take the marked pump tube and place it in the
"Baking Soda" bowl.
Put the conductivity sensor in the "Baking soda" bowl. The pump should start running and pump vinegar into the
bowl with baking soda solution.You should see bubbles being made as the vinegar-baking soda reaction takes place.
Eventually the pump should slow down and stop running. When the pump stops, measure the pH of each solution
using pH paper as well as how much vinegar solution is left from the 200 mL originally in the "Vinegar" bowl by
pouring the remaining amount into a graduated cylinder. Record all results.
Repeat experiment with same concentration baking soda solution multiple times to ensure consistency of process
execution. Record all data and results.
Once comfortable with the experimental procedure, repeat the process using other different concentrations of
baking soda solutions. It is recommended that at least one concentration be higher than the originally created
solution and at least one be lower.
Record all data results.
Analyze results and calculate the average volume of low pH vinegar solution (insulin) pumpd for standard high pH
0.85M concentration baking soda solution (glucose in the blood). Plot a graph of volume of low pH vinegar solution
pumped versus concentrations of high pH baking soda solutions to determine how accurate this artiﬁcial pancreas
model is.

Charts

A conclusion that can be drawn based on the data during the experiment is that the
artiﬁcial pancreas model required some ﬁne tuning at the beginning. Once the process was
stabilized more consistent results were achieved. All together for the standard 0.85M
concentration high pH baking soda solution the artiﬁcial pancreas averaged 115 mL of
vinegar pumped. Things that contributed to the initial variability of the results were when
the pump continuously operated on the ﬁrst 2-3 trials. It is believed that this error was a
mistake on the electronic breadboard with the potentiometers. When working with the
components there was confusion as to which one was the 10k, 100k and 1m potentiometer.
This issue led to a higher amount of vinegar pumped into the baking soda solution.
These results turned out this way because vinegar and baking soda spark a chemical
reaction. This is the reaction between an acidic and a basic solution. When you combine
them they will bubble up. In this case the vinegar was the acidic solution and the basic
solution was the baking soda. When the sensor sensed the basic solution having a pH
different from the standard balanced solution the pump turned on and the vinegar solution
was pumping into the baking soda solution. When the solution started to get to its
balanced state the solution would visually turn green, representing a neutralization in the
pH and the sensor would stop. The pump would stop when the result of the chemical
reaction was similar to that of the standard balanced solution.
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Data / Observations
An observation that can be made about the data is initial
trials had some variability but the later trials were highly
consistent and precise.
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