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ABSTRACT

Our invention is the nano glucose sensor for diabetes (NGSD). The NGSD is a sensor that consists of three different parts working together to prevent diabetes complications. With a new self-replicating technology, there will be thousands of the NGSD’s nanometers in the patient’s blood stream. Inside the patient’s blood stream the nanometers will transmit the glucose level to a watch, after measuring it with an electric current. The watch will average the glucose level. Next, the watch calculates how much insulin the pancreas should produce, and sends that information to the RFID tags on the patient’s pancreas. Then, inside the RFID tags there are islet cells that are released and start producing insulin correctly. Stem cells will be converted into islet cells inside the RFID tags so patients will have an everlasting supply. People will be able to produce normal amounts of insulin for the rest of their lives.

Nano Glucose Sensor for Diabetes

PRESENT TECHNOLOGY

A teenager walks down the mall corridor, passing the many diverse individuals. Even the boys with green and spiky Mohawks with ripped shirts with body piercing could not make her feel normal. Before she even eats one McDonald’s french fry, she must check her blood glucose level. As Americans surround her in the busy food court, Lauren thinks of her type one diabetes is a horrible and controlling disease that takes over her life. 

Diabetes is caused when the body does not produce or properly use insulin. Insulin is a hormone that is needed to convert sugar, starches, and other food into energy needed for daily life. People with type one diabetes need to inject themselves with insulin to correct their blood sugar, but people with type two diabetes may be able to control their blood sugar by avoiding foods that cause their blood sugar to rise or they may be able to take medication. Type one diabetes is hereditary, type two diabetes runs in the family also, but can also be acquired from aging, excessive weight, and poor diet. Type two diabetes can be prevented by keeping a healthy diet, and getting plenty of exercise though. A remarkable amount of people have this terrible disease in the United States. Just in this country alone 20.8 million people have diabetes. This is about seven percent of the entire population. A total of five percent of the 20.8 million people have type one diabetes. 


Several advancements in the treatment of diabetes have been made. One amazing development is that a sixty-one-year-old man that has type 1 diabetes has had his conditions improved, thanks to a revolutionary cell transplant technique. This technique was performed by inserting healthy islet cells, that produce insulin, from the pancreases of dead donors into the man’s liver. Once the islet cells are in the liver they develop their own blood supply and begin to produce insulin. This procedure does not work for everyone and is far from perfect. There is a large shortage of donor pancreases from which islet cells can be taken from and this procedure creates risks for both the living donor and recipient. Along with the sixty-one-year-old man, a twenty-seven-year-old woman has also had her type 1 diabetes conditions improved. This was made possible due to a donor transplant of the insulin-producing islet cells from her mother. In this case of the twenty-seven year old woman her mother put herself at an increased risk of diabetes by giving a portion of her pancreas to her diabetic daughter. Since this technique is relatively new, only a select number of healthcare professionals can perform this procedure. With these limitations few people can benefit from this procedure. 

Lauren Stanford, a high school student from Plymouth, MA has been suffering from diabetes almost her whole life. Lauren has organized a group called “Got Islets: Lauren’s League for a Cure”. The group has raised thousands of dollars for the Juvenile Diabetes Research Foundation since Lauren was diagnosed. Lauren was recently in Washington D.C. to talk about stem cell research in front of a large amount of U.S. senators. Lauren quoted to the senators that “This research could hold the key to a change in not just my life, but in the life of so many Americans. Imagine if it can help get to the source of what causes diabetes and stop it before it starts? Imagine if it can find a way to create new islet cells so my destroyed ones can be replaced with working ones? I cannot imagine what it’s like to have one day, just one day, when I was not sick.”1 Pump supplies, needles, insulin, test strips, and more; they all add up to thousands of dollars Lauren’s parents spend a year. Lauren says that embryonic stem cell research could be
 ¹ From an interview with Lauren Stanford in the Plymouth Bulletin January 25, 2007.  

the key to answer all of this, and she hopes that the government will do its part by giving our best scientists the best tools to get a cure as soon as possible. She thinks that one of the best tools to help find a cure is embryonic stem cell research.   

HISTORY 

Egyptians in cloth tunics, warm sweat rolling along their faded, crimson faces. A wealthy pharaoh with gilded attire, and fine cloth draped on their broad shoulders, watching to make sure their tomb will be built successfully. Out in the sun, the slaves are building ancient pyramids, later to be found by archeologists. We are traveling far back in time, all the way to 1552 BC, when Egyptians still wrote on dried papyrus. Scientists have found evidence of a disease description written on papyrus and figured out this disease was diabetes. It had similar symptoms that people with diabetes have today. These symptoms are sweetness in blood, indicating high glucose levels in their body, excessive urination, and people with these symptoms become extremely and unhealthily emaciated. 

In the later second century BC, a perspicacious young man, Demetrios of Apameia was the first man that is known using the word “diabetes”. Soon after that, a man, Aretaeus wrote the medical, professional information of diabetes, explaining what it was. 

A long while after this, in 1869, Paul Langerhans found grouped cells in the pancreas, proving that this organ is where insulin is produced. Targeting the cause made us one step closer to a cure. Minkowski and his colleague, Von Mering experimented further to this statement by removing the pancreas of a dog, which resulted in this dog dieing of excessive glucose in his blood in 1889. 


The first testing that could be done at home was a urine test, where you combined the sample with a solution that a doctor gave you, and then it was boiled, and the color told what the glucose level was. These were available in 1925. It wasn’t a good indication either because it didn’t show what was presently happening with the patient’s blood glucose level, it was older, as it was leaving the body. 

In 1951, Lawrence and Bornstein, who lived in the UK, discovered that insulin could be measured in the blood. This leads to a huge medical breakthrough in 1970, when a doctor named Ames made one of the first glucose meters. 

This leads to the fact that blood glucose meters have been an enormous help to people with diabetes since then. Being able to self-monitor their own blood glucose level, they could regulate the doses of insulin received to achieve a normal blood glucose level.  Ernie Adams invented test strips that measured blood glucose levels with blood. When this blood strip was placed into chemicals the glucose in the blood changed color. When there was more glucose in the blood sample, the color would be darker. This fussy concept comprised of many steps and subjective interpretation. Additionally this only informed you whether you had a high blood glucose level or a low blood glucose level and did not exhibit any amount either way. Efficient, this was not. 
Anton H. Clemens created one the first blood glucose meters. This meter read the light that reflected off of a blood strip. This method is referred to as “reflective photometry”. This meter was very accurate compared to any other meter prior to its creation. The complications were its bulkiness and its reliability on rechargeable batteries. Without a charged battery the readings would be inaccurate. This glucose meter was only ever intended to be operated by doctors, and it weighed about two pounds. 


 With this current device an awe-inspiring conception came about Dr. Richard K. Bernstein. He was dying from type 1 diabetes, and saw the potential of the first glucose meter. After receiving and experimenting with one, Dr. Bernstein discovered that his blood glucose level was extremely scattered. After having the knowledge of his blood glucose level, Dr. Bernstein was able to adapt to the correct amount of insulin to take in. With the power to regulate his insulin dose he prevented the exceedingly high and low blood glucose levels, even though they were still sketchy. After many years of countless trial and error Dr. Bernstein revolutionized the blood glucose meter.  After many years of perseverance trying to get this new glucose meter on the market, Dr. Bernstein finally succeeded. A domestic glucose meter was only available for everyone in 1991.² We’ve now revolutionized the meter again. With our invention, the NGSD instead of countless pricks and injections, people with diabetes could have a glucose meter flowing through their blood stream. 

FUTURE TECHNOLOGY

In Lauren Stanford’s speech to a senate committee she said, “In the past ten years diabetes has sent me to the hospital 14 times, twice to intensive care. It has pricked my fingertips over 30,000 times. It has injected needles in me tens of thousands of times, and it has forced me to learn to change my own pump catheter every two days from the time I was seven.” ³ With the NGSD, none of these horrible tasks would be necessary for somebody like Lauren. Our invention for the future is the NGSD (Nano Glucose Sensor for Diabetes).  The NGSD consists of many 
² Our mentor , Personal interview, 26 Jan. 2007

³ Sam Goldfarb, “Area teen backs stem cell research,” The Patriot Ledger  20-21 Jan. 2007: 16.

different parts. The first part is the nanometer; there is also an RFID tag, and a communicating/translating watch.

The nanometer of the NGSD is a glucose meter. The nanometer will be placed inside of a patient’s blood stream to measure their glucose level constantly. To accomplish this, there are many different steps. First, glucose molecules will be taken from the patient and placed around the NGSD, disguising it as glucose. To perform this, we would line the nanometer with a carbon chain. Carbons always attach to other carbons, and the compound of glucose is (C6, H12, O6), so carbon atoms in the glucose molecules would attach and stay attached to the carbon chain lining 
the nanometer. The NGSD will then be placed in a liquid edible to the human. The patient would drink this liquid and the NGSD would go into their system. Once in the stomach it would be recognized as glucose, flowing into the blood stream with the rest of the glucose in the patient’s body. 
On one side of the nanometer, millions of zinc oxide nanowires will be exposed to 
the blood. The natural flow of the blood stream will allow these zinc oxide nanowires to fluctuate. By doing this the wires create piezoelectric discharges that will power a nanogenerator. The nanogenerator will then create an electric current that will run through another opening in the NGSD, there, will be the plasma containing glucose. By measuring how much electricity can pass through the blood plasma, the NGSD will be able to measure the patient’s glucose level. The information will go to a data chip. The data chip will give this information to a transformer that will convert it into a radio signal, which will be sent back to a watch that the patient is wearing, from a transmitter. 
The NGSD device works perpetually on its own, the patient will not do anything to change the amount of insulin they are given. The watch is used as a monitor, so that the patient is aware of their blood glucose level at all times. This will also be a setting on the watch so that the patient can tell time as well. The watch will receive this signal containing the patient’s glucose level from the thousands of NGSD’s in the patient’s blood stream. (NASA’s institute for advanced concepts recently concluded a study of self replicating molecularly sized machines. With this technology the NGSD could be programmed to self replicate to a certain number. We envision that the NGSD nanometer could replicate itself thousands of times once inside the patient’s blood stream.) The watch will then put this information together, receiving an average of all the glucose in the entire body. 
The watch would comprehend this information and transmit a signal to the RFID tags located on the patient’s pancreas. The RFID tags will release islet cells that will reproduce themselves. The islets will come out in a controlled dosage determined by the watch. By doing this the glucose level will be normalized. To get the RFID tags attached to the patient’s pancreas, doctors will have to use “pinhole” surgeries similar to arthroscopic surgeries, which are only used for joints. In this surgery cameras will go inside the patient to find their pancreas and then attach the RFID tags. We think that there should be hundreds of RFID tags on the pancreas, because so many islet cells will be required. Inside the RFID tags there will be islet stem cells, constantly reproducing, so there will be a consistent amount of islet cells to be released. This opens a whole new window for people with diabetes, basically it is an auto working cure! With normalized glucose levels, good-bye diabetes complications! 

BREAKTHROUGHS

To make the NGMD a reality, many new technologies have to advance by far. 

One technology would be RFID (radio frequency identification). Our envision of this, is to have hundreds of RFID tags attached the patient’s pancreas. After the NGSD’s nanometer retrieves the glucose level it will transmit it back to a watch that the patient is wearing. The watch would comprehend this information and transmit a signal to the RFID tags which will release islet cells being stored inside of the RFID tags. The islet cells will constantly be replicating inside of the RFID tags, so a continuous supply is present. The islet cells will come out in a controlled dosage determined by the watch. By doing this the glucose level will be normalized. To use RFID tags for the NGSD they will have to become much smaller and a lot much more efficient. RFID tags will definitely have to “breakthrough”. 

“Pinhole” surgeries will also be a breakthrough necessary for the NGSD. These surgeries are required to attach the RFID tags to the patients’ pancreas. In the future these surgeries will be assigned a name and will also be specialized for the NGSD’s RFID tags. We envision the NGSD to be extremely common and popular, so these surgeries will be no big deal at all.

Stem cell research will also have to come forth to complete the NGSD’s assignment. Scientists will have to grow islets from the stem cells. The islet cells will be placed into the RFID tags, to be released. Currently, in the United States stem cell research is illegal. It will have to be approved by the government in the future. Stem cell research will improve diabetics life’s completely.
Currently molecular assembly isn’t very efficient. Scientists will have to breakthrough with molecular assembly as well. Science will have to be able to create nano-sized machines like the NGSD that are smaller than cells. This will be a difficult task, but we think nano machines will be common in the future.
Having the FDA approve the NGSD would be a breakthrough. Currently the FDA is

very stingy about approving medical devices for domestic use. We hope that in the future the FDA will accept and trust in medical devices much faster.
DESIGN PROCESS
Other than the NGSD project, we brainstormed many other ideas before deciding our topic on type one diabetes. Our first idea on diabetes was originated by one of our teammates who is closely related to diabetes. She does not have diabetes, but people she is close to do. Her Great-grandmother had diabetes, along with her grandfather, two of her uncles, and one of her mother’s close friends. This invention is personal to all of us. 
Seeing Lauren Stanford in the newspaper also helped our invention evolve. Our coach knows Lauren, so he called her and requested that she be our mentor. She wasn’t able to be our mentor, but her mother gladly volunteered. Our mentor helped us a tremendous amount.

 The original idea was the “NGMD” (nano glucose meter for diabetics). This was just a glucose meter that would be able to travel inside the blood stream, and measure a patient’s glucose level, and then send that information to watch the patient is wearing so that they could have a constant reading of their glucose level. This would serve the same purpose as any other current glucose meter, but the countless pricks to the finger would be dismissed. With the knowledge of their glucose level the patient could insert the exact amount of insulin their body needed. 
When our mentor visited us she gave us some great facts about diabetes. She also helped us revise our name from NGMD (nano glucose meter for diabetics) to the more professional NGSD (nano glucose sensor for diabetes). She informed us that sensor would be more appropriate for our invention, than meter. She also explained that people with diabetes do not like to be called diabetics, there diabetes does not define them. They are people with diabetes. 

We were focused on basing the NGSD on both type 1 and type 2 diabetes, until we researched and found out that type 2 diabetes has more of a chance for a cure within the next twenty years. So, to narrow down the topic we decided to keep our focus on type 1 diabetes. 
We now began research and noticed that our machine would be too big for the blood stream, if it were to run an electric current through actual blood. An over-sized object inside of a human’s blood stream is deadly, possibly causing clogged arteries and stroke. The machine could also be attacked by white blood cells. In order for the capsule to safely travel through the patient’s blood stream, it would have to be smaller than the red blood cell. Once we figured out the size, and proper use of our machine, we had to brainstorm ideas of how to put it into the body. 
We debated on this procedure for a while. We thought it would be a good idea to put the nano glucose meter into a cup of water and have the patient swallow it. Then we realized that the nano glucose meter would be recognized as a foreign object to the body and would be attacked. In order for the nano glucose meter to go into the blood stream unharmed, it would have to be disguised. Surrounding it with glucose molecules seemed like a good candidate. Another thought we had was to have the meter injected into the patient by some type of shot. After thinking it over we decided that it would be best to disguise the meter as glucose, place it in water, and have the patient drink it. 
Once the nano glucose meter was inside of the body we also questioned where we would want the meter to go afterwards, because the liver filters out dead red blood cells. We concluded that the nano glucose meters were too small to get trapped in the liver, thus relieving us of that stress and keeping the meters inside the blood stream. Since the nanometers are so small, they will pass through the liver.
The NGSD also evolved into actually giving the patient islet cells. We settled on using RFID tags for this task. We thought it best to have the watch contain the glucose level and control how many islet cells are released into the patient. For this, stem cells would be required. We are very proud of our final product, and think it is a wonderful device.
CONSEQUENCES
The NGSD has many pros and cons that need to be considered. Some positive consequences of our device would include reduction and possible elimination of diabetes complications. Nobody would suffer diabetes any more once the NGSD was approved by law. The patients would gain freedom from constant monitoring that was previously invading and controlling their lives. Medicaid is constantly giving one of every four dollars to diabetes supplies to patients. Yes, the NGSD would cost a lot of money, but is no comparison to the excessive amount of currency given for refills on test strips and meters. 
Along with these good consequences, every new invention has its flaws. The FDA would need to approve our invention. The FDA is careful when deciding what should be available on the market. If a criminal could intercept signals, an NGSD would break down. If signals were lost or changed, the pancreas would be instructed to produce either excessive amounts of islets and therefore, this person would die of extremely high blood sugar or of low blood sugar if no islets were released. The NGSD is an experimental invention that would need a lot of work to prevent flaws. Lauren’s trip to the mall that we spoke about in the beginning would truly change her life if the NGSD was available.   
BIBLIOGRAPHY
http://www.aresearchguide.com/12biblio.html
http://www.cnn.com/HEALTH/library/DS/00329.html
http://health.dailynewscentral.com/content/view/490/63     

1/17/07     Daily News Central 

http://www.diabetesexplained.com/bg-meter-history.html 

history of glucose meter 1/18/07

 http://www.diabetes.org/about-diabetes.jsp
    January 19, 2007 All About Diabetes 

http://www.diabetes.org/for-media/2004-press-releases/updated-guidelines.jsp 

    1/19/07     American Diabetes Association  

http://www.endocrineweb.com/diabetes/treatment.html 

    January 19, 2007 Treatment of Diabetes

http://www.pbs.org/wgbh/nova/sciencenow/3209/04.html 

NOVA video – Stem Cells April 2005

http://www.smalltimes.com/Articles/Article_Display.cfm?ARTICLE_ID=269477&p=109
 http://www.webmd.com/content/article/46/1667_50931
    1/19/07     WebMD

The Plymouth Bulletin 

 January 25, 2007

 Goldfarb, Sam. “Area teen backs stem cell research.”  The Patriot Ledger  20-21 Jan.

2007: 16.

Our mentor, Personal Interview. 26 Jan. 2007 

Rubin., Alan L. Diabetes for Dummies. Wiley Publishing Inc. 


Hoboken, N.J. 2004.







