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Abstract


Creatine is a natural occurring substance in the body. It is an amino acid that is synthesised in the liver and pancreas. It is widely known and used in creatine supplementation for rapid muscle growth. 

Creatine helps in cellular respiration by transforming ADP into ATP. Since creatine has shown uses in restoring muscle fatigue it has been used in the world of sport for over sixty years. 

Just recently creatine has been examined for its medical grade uses in neuromuscular disorders, and other muscular illnesses. Since creatine helps retain strength it is being examined as a tool to restore strength to those with muscular degenerative diseases. 
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1.0 What is Creatine 

Creatine is a nitrogenous organic acid, synthesised naturally in the liver, and in the pancreases(Mouth, 2012). Creatine helps supply the muscles with energy for contraction. Since creatine is synthesised naturally in the body, it is not an essential amino acid. It is found in, red meats, and fish. The chemical formula for creatine is C4H9N3O2.    

1.1 How is it synthesised
The figure below illustrates the synthesis of creatine in the body.

[image: ]

Figure1. Synthesis of creatine (Arg - Arginine) (GATM - Glycine amidinotransferase) (GAMT - Guanidinoacetate N-methyltransferase) (Gly - Glycine; Met - Methionine) (SAH - S-adenosyl homocysteine) (SAM - S-adenosyl methionine) Source: http://en.wikipedia.org/wiki/File:CreatineSynthesisedited.PNG 

Creatine is synthesised in the pancreas and liver of vertebrates and as depicted in figure one is synthesised from Arginine into creatine. This newly synthesised creatine then binds to a phosphate group creating phosphocreatine. 

1.2How does it work

Creatine is stored in the human body as a compound known as phosphocreatine, which further works as a reservoir of phosphate. Phosphate produced from creatine is needed for regenerating adenosine triphosphate (ATP) molecules, which is the main fuel for the muscle in initial high intensity activity (Annussek, 2009).

During muscle contraction, ATP (adenosine tri phosphate) loses a phosphate molecule to create energy and converted to adenosine di phosphate (ADP). In order to produce more energy ADP must be converted back to ATP. Figure two shows a visual depiction of cellular respiration, and how essential phosphate is in the conversion of ADP to ATP.  When ATP is depleted, creatine acts as a source of phosphate and converts the ADP molecule to an ATP molecule. The more creatine is available to the body, the faster the body can produce ATP molecules, therefore the more energy being created. 1

[image: ]
Increased amounts of creatine slow the possibility of fatigue. Creatine helps in the synthesis of protein as well, which further promotes muscle growth and development.

Because of the affect creatine has on your body during muscle contractions, it is used mostly in athletes who participate in explosive sports, such as sprinting, hockey, foot-ball, and many any other sports that require quick movements, and re-actions (Annussek, 2009).Figure 2. Cellular respiration using ATP. The figure also depicts the use ADP in cellular respiration. Source: http://room114.wikispaces.com/Cellular+Respiration




 

2.0 Use of Creatine
 
One of the most widely known uses for creatine is as a supplement. Over many years creatine has been discovered and used a performance enhancer, the ability of creatine has been widely studied and researched for professional athletes, body builders and commercial sale.

Creatine supplementation for athletes is very different then the creatine our body makes on its own. This again differs from the creatine being experimented for medical use.

Medical grade creatine is being experiment with as a cure many neuromuscular disorders.

2.1 History of the Supplement 

Creatine was first discovered in 1832, by a French organic chemist named Michel-Eugene Chevreul, who named it after ‘kreas’ the Greek word for flesh. Scientists noticed that the muscle tissue of foxes killed in the wild contained higher levels of creatine than that of the muscle tissue of domesticated foxes (Passwater, p.9). From this they concluded that the more activity a muscle has the higher amounts of creatine it will contain. 

In 1912, Harvard University researchers Otto Folin and Willey Glover Denis found proof that ingesting creatine can dramatically boost the creatine content of the muscle (Passwater, p12). In the late 1920s, after finding that the intramuscular stores of creatine can be increased by ingesting creatine in larger than normal amounts, scientists discovered creatine phosphate and determined that creatine is a key player in cellular respiration. As depicted in figure two above.

While creatine's influence on physical performance has been well documented since the early twentieth century, it came into public view following the 1992 Olympics in Barcelona. In 1992 an article in The Times reported that Linford Christie, the gold medal winner at 100 meters, had used creatine prior to the Olympics (Passwater, p.12). 2

In the 1930’s low-potency creatine supplements were available, but creatine supplements designed for strength enhancement were not commercially available until 1993 when a company called Experimental and Applied Sciences (EAS) introduced the compound to the sports nutrition market under the name Phosphagen (Busko, NRM). Research conducted afterward showed that the consumption of high glycemic carbohydrates in conjunction with creatine increases creatine muscle stores and performance. In 1998, MuscleTech Research and Development launched Cell-Tech, the first creatine-carbohydrate-alpha lipoic acid supplement (Creatine Supplements). 

2.2 Benefits of Supplementation

Creatine is used widely in the sport of bodybuilding helping to provide fuller looking muscles, increased energy output during exercise, increased muscular endurance and strength. Other athletes such as hockey players, track & field, and sports that require short bursts of energy can benefit from supplementing with creatine (Annussek, 2009).

 Benefits include:

- Increased muscle gain for first time users due to water retention.

- Less dependence on Glycolysis reduces lactic acid build up. Since creatine adds to cellular respiration it reduces the need for the body to go into oxygen debt and in turn reduces the production of lactic acid.

-Reduces muscle fatigue. This allows you to do more weights, and higher reps for longer periods, thus getting better results.


2.3 Symptoms of creatine supplementation:

There are no serious side effects from supplementing creatine. Studies have shown that consumption of creatine has no short or long term effects (Annussek, 2009). 

Some people do experience slight digestive discomfort like gas, bloating or diarrhea, as well as an increase in blood pressure has been notice in the first weeks. To prevent certain side effects doctors recommend six to eight glasses of fluids to be consumed  a day while using creatine (Annussek, 2009).


2.4 Medical Uses of Creatine

Creatine is beginning to be experimented with to help fight, or slow, the effect of different disease (Annussek, 2009).
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2.4.1 GAMT deficiency:
 
Some people are born with a genetic disorder in which there is a deficiency of the enzyme guanidinoacetate methyltransferase (GAMT) (Center for Disease and Control Prevention). Without this enzyme severe developmental delays and abnormal movement disorders are created. The condition is diagnosed by a lack of creatine in the brain (Center for Disease and Control Prevention). In research conducted improvements were noted in two individuals with GAMT deficiency. The individuals that showed improvement were given supplemental creatine.  The research suggests that the supplementation of creatine may be an effective treatment for disorders caused by lack of creatine (Annussek, 2009).

       2.4.2 McArdle's disease

In McArdle's disease, there is a deficiency of energy stored in muscles. This leads to muscle fatigue, exercise intolerance, and pain when exercising (Center for Disease and Control Prevention). Creatine has been proposed as a possible therapy for this condition. However, research is limited, and the results of existing studies disagree with each other. Therefore, it remains unclear if creatine offers any benefits at all. (Annussek, 2009)

2.4.3 Muscular dystrophy

Creatine loss is suspected to cause muscle weakness and breakdown in Duchenne muscular dystrophy. Animal studies report increased muscle formation and survival with creatine (Strout). Studies in humans have been small, although early evidence suggests that creatine may be beneficial in treating muscular dystrophies (Strout).

2.4.4 Neuromuscular disorders 
Creatine supplementation has been explored as a potential therapeutic aid for various neuromuscular and neurodegenerative disorders. This is because skeletal muscles contain a concentration of phosphocreatine, the same phosphocreatine that is compromised in many neuromuscular disorders (Strout). ’Recently, Canadian scientists demonstrated that short-term creatine supplementation significantly increased strength and total body mass in patients with a variety of neuromuscular diseases, including mitochondrial cytopathies, dystrophies, congenital, myopathies, and polymyositis.” (Strout). In the United States researchers conducted a fifteen week study using creatine supplementation on a subject with myasthenia gravis (MG). MG usually causes skeletal muscle wasting in subjects. Alongside skeletal wasting, muscle fatigue and weakness are symptoms of MG. These may be cause by depletion in phosphocreatine levels. The research team supplement their patient with five grams of creatine a day for fifteen weeks, and the patient preformed resistance training three days a week. ‘The MG patient increased his body weight by seven percent and increased his leg strength by twenty-five percent.’ (Strout).

4

2.4.5 Traumatic Brain Injury 

There is a large amount of research being conducted on the treatmeant of traumatic brain injury (TBI). TBI affects approximately seven million people annually in North America (Strout). Little can be done medicinally to prevent this injury. But it is the secondary effects of the trauma following TBI that are often worse (Strout). TBI effects the use of ATP and synthesis, without the proper function of these two essential processes brain function is limited (Strout.)  Since creatine has been shown in numerous instances to support levels of ATP, research is being conducted to show its potential role following TBI (Strout).
2.4.6 Diabetes

Creatine has also been shown to reduce circulating blood sugar concentrations 60 to 120 minutes after a single three gram dose of insulin in Type I diabetics (Strout). These changes were observed without changes in blood sugar in age-matched non-diabetic controls. This suggest that creatine may enhance glucose disposal and reduce liver glucose production in hyperglycemic Type I diabetics (Strout).
3.0 Conclusion
In conclusion medical grade creatine still needs more research conducted. There is promise in the field of medicine for creatine with constant research being done for neuromuscular disorders and other creatine related ailments the future looks promising for production of medical grade creatine.
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Rough copy:

What is Creatine 

Creatine is a nitrogenous organic acid, synthesised naturally in the liver, and pancreases(Mouth, 2012). Creatine helps supply the muscles with energy for contraction. Since creatine is synthesised naturally in the body, it is not an essential amino acid. It is found in many of the ‘fresh’ meats we eat, red meats, and fish. The chemical formula for creatine is C4H9N3O2.    

How is it synthesised
The figure below illustrates the synthesis of creatine in the body.

[image: ]

Figure1. Synthesis of creatine (Arg - Arginine) (GATM - Glycine amidinotransferase) (GAMT - Guanidinoacetate N-methyltransferase) (Gly - Glycine; Met - Methionine) (SAH - S-adenosyl homocysteine) (SAM - S-adenosyl methionine) Source: http://en.wikipedia.org/wiki/File:CreatineSynthesisedited.PNG 

Creatine is synthesised in the pancreas and liver of vertebrates and as depicted in figure one is synthesised from Arginine into creatine. This newly synthesised creatine then binds to a phosphate group creating a phosphocreatine. 

How does it work

Creatine is stored in human body as a compound know as "phosphocreatine", which further works as a reservoir of phosphate. Phosphate produced from creatine is needed 
for regenerating adenosine triphosphate (ATP) molecules, which is the main fuel for the 
 muscle in initial high-intensity muscle activity(Annussek, 2009).

During muscle contraction, ATP (adenosine tri phosphate) loses a phosphate molecule to create energy and gets converted to adenosine di phosphate (ADP). In order to produce more energy ADP must be converted back to ATP. Figure two shows a visual depiction of cellular respiration, and how essential phosphate is in the conversion of ADP to ATP.  When ATP is depleted, creatine acts as a source of phosphate and converts the ADP molecule to an ATP molecule. The more creatine is available to the body, the more faster the body can produce ATP molecules, so that more and more energy is available for the muscle contractions. 
[image: ]
These increased amounts of creatine slow the possibility of fatigue. Creatine helps in the synthesis of protein as well, which further promotes muscle growth and development.

Because of the affect creatine has on your body during muscle contractions, it is used mostly in athletes who participate in explosive sports, such as sprinting, hockey, foot-ball, and many any other sports that require quick movements, and re-actions (Annussek, 2009).Figure 2. Cellular respiration using ATP. The figure also depicts the use ADP in cellular respiration. Source: http://room114.wikispaces.com/Cellular+Respiration




 

Use of Creatine
 
One of the most widely known uses for creatine is as a supplement. Over many years creatine has been discovered and used a performance enhancer, the ability of creatine has been widely studied and researched for professional athletes, body builders and commercial sale.

Creatine supplementation for athletes is very different then the creatine are body makes on it own. This again differs from the creatine being experimented for medical use.

Medical grade creatine is being experiment with as a cure man neuromuscular disorders.

History of the Supplement: 

Creatine was first discovered in 1832, by a French organic chemist named Michel-Eugene Chevreul, who named it after ‘kreas’ the Greek word for flesh. It was first discovered in meats, and in 1847 scientists noticed that the muscle tissue of foxes killed in the wild contained higher levels of creatine than that of the muscle tissue of domesticated foxes (Passwater, p.9). From this they concluded that the more activity a muscle has the higher amounts of creatine it will contain. 

In 1912, Harvard University researchers Otto Folin and Willey Glover Denis found proof that ingesting creatine can dramatically boost the creatine content of the muscle (Passwater, p12). In the late 1920s, after finding that the intramuscular stores of creatine can be increased by ingesting creatine in larger than normal amounts, scientists discovered creatine phosphate and determined that creatine is a key player in cellular respiration. As depicted in figure two above.

While creatine's influence on physical performance has been well documented since the early twentieth century, it came into public view following the 1992 Olympics in Barcelona. In 1992 an article in The Times reported that Linford Christie, the gold medal winner at 100 meters, had used creatine prior to the Olympics (Passwater, p.12).
In the 1930’s low-potency creatine supplements were available, but creatine supplements designed for strength enhancement were not commercially available until 1993 when a company called Experimental and Applied Sciences (EAS) introduced the compound to the sports nutrition market under the name Phosphagen (Busko, NRM). Research conducted afterward showed that the consumption of high glycemic carbohydrates in conjunction with creatine increases creatine muscle stores and performance. In 1998, MuscleTech Research and Development launched Cell-Tech, the first creatine-carbohydrate-alpha lipoic acid supplement (Creatine Supplements). 

Benefits of Supplementation:
Creatine is used widely in the sport of bodybuilding helping to provide fuller looking muscles, increased energy output during exercise, increased muscular endurance and strength. Other athletes such as hockey players, track & field, and sports that require short bursts of energy can benefit from supplementing with creatine (Annussek, 2009).

 Benefits include:

- Increased muscle gain (for first time users, due to water retention)

- Less dependence on Glycolysis, reduces lactic acid build up, this is due to the fact that since creatine adds to cellular respiration, this reduces the need for the body to go into oxygen debt, and in turn reduces the production of lactic acid.

-Reduces muscle fatigue. This allows you to do more weights, and higher reps for longer periods, thus getting better results.


Symptoms of creatine supplementation:

There are no serious side effects from supplementing creatine. Studies have shown that consumption of creatine has no short or long term effects (Annussek, 2009). 

Some people do experience slight digestive discomfort like gas, bloating or diarrhea, as well as an increase in blood pressure has been notice in the first weeks. To prevent certain side effects doctors recommend six to eight glasses of fluids to be consumed  a day while using creatine (Annussek, 2009).


Medical Uses of Creatine:


Creatine is beginning to be experimented with to help fight, or slow, the effect of different disease (Annussek, 2009).



GAMT deficiency:
 
Some people are born with a genetic disorder in which there is a deficiency of the enzyme guanidinoacetate methyltransferase (GAMT) (Center for Disease and Control Prevention). With out this enzyme severe developmental delays and abnormal movement disorders are created. The condition is diagnosed by a lack of creatine in the brain (Center for Disease and Control Prevention). In research conducted improvements were noted in two individuals with GAMT deficiency. The individuals that showed improvement were given supplemental creatine.  The research suggests that the supplementation of creatine may be an effective treatment for disorders caused by lack of creatine (Annussek, 2009).

McArdle's disease:

In McArdle's disease, there is a deficiency of energy stored in muscles. This leads to muscle fatigue, exercise intolerance, and pain when exercising (Center for Disease and Control Prevention). Creatine has been proposed as a possible therapy for this condition. However, research is limited, and the results of existing studies disagree with each other. Therefore, it remains unclear if creatine offers any benefits at all. (Annussek, 2009)

Muscular dystrophy: 

Creatine loss is suspected to cause muscle weakness and breakdown in Duchenne muscular dystrophy. Animal studies report increased muscle formation and survival with creatine (Strout). Studies in humans have been small, although early evidence suggests that creatine may be beneficial in treating muscular dystrophies (Strout).

Neuromuscular disorders 
Creatine supplementation has been explored as a potential therapeutic aid for various neuromuscular and neurodegenerative disorders. This is because skeletal muscles contain a concentration of phosphocreatine, the same phosphocreatine that is compromised in many neuromuscular disorders (Strout). ’Recently, Canadian scientists demonstrated that short-term creatine supplementation significantly increased strength and total body mass in patients with a variety of neuromuscular diseases, including mitochondrial cytopathies, dystrophies, congenital, myopathies, and polymyositis.” (Strout). In the United States researchers conducted a fifteen week study using creatine supplementation on a subject with myasthenia gravis (MG). MG usually causes skeletal muscle wasting in subjects. Alongside skeletal wasting, muscle fatigue and weekness are symptoms of MG. These may be cause by depletion in phosphocreatine levels. The research team supplement their patient with five grams of creatine a day for fifteen weeks, and the patient preformed resistance training three days a week. ‘The MG patient increased his body weight by seven percent and increased his leg strength by twenty-five percent.’ (Strout).

 Traumatic Brain Injury and Neurologic Disease 
There is a large amount of research being conducted on the treatmeant of traumatic brain injury (TBI). TBI affects approximately seven million people annually in North America (Strout). Little can be done medicinally to prevent this injury. But it is the secondaru effects of the trauma following TBI that are often worse (Strout). TBI effects the use of ATP and synthesis, without the proper function of these two essential processes brain function is limited (Strout.)  Since creatine has been shown in numerous instances to support levels of ATP, research is being conducted to show its potential role following TBI (Strout).
Diabetes
Creatine has also been shown to reduce circulating blood sugar concentrations 60 to 120 minutes after a single 3 gram dose of insulin in Type I diabetics (Strout). These changes were observed without changes in blood sugar in age-matched non-diabetic controls. This suggest that creatine may enhance glucose disposal and reduce liver glucose production in hyperglycemic Type I diabetics (Strout).
Conclusion:
In conclusion, medical grade insulin still needs more research conducted. There is promise in the field of medicine for creatine with constant research being conducted for neuromuscular disorders and other creatine related ailments the future looks promising for production of medical grade creatine.
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