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Student Questions

1. What are some of the benefits claimed on sports supplement labels?
2. Which three frequently used sports supplements are highlighted in the article?

3. What is an argument for using whey protein powder?
4. What is an argument against using whey protein powder?
5. What is an argument for using creatine?
6. What is an argument against using creatine?
7. What is an argument for using L-arginine?
8. What is an argument against using L-arginine?
9. What is some advice for how to decide whether or not to take a supplement and which sports supplements are useful and safe?

Answers to Student Questions

1. What are some of the benefits claimed on sports supplement labels?

Some of the benefits claimed on sports supplement labels are that they “… increase muscle size and strength, enhance stamina, and even improve focus and cognition.”
2. Which three frequently used sports supplements are highlighted in the article?

The three frequently used sports supplements highlighted in the article are whey protein powder, creatine, and L-arginine.

3. What is an argument for using whey protein powder?

Possible arguments for using whey protein powder are:

a. During exercise the protein in muscle tissue becomes damaged, and consuming protein right after a workout might help repair muscle tissue. Whey protein powder is a fast and easy way to supplement protein consumption. 

b. Whey proteins are rich in “essential” amino acids the body cannot make on its own. 

c. Whey proteins are water-soluble, so they are easier to digest than less-soluble proteins.
4. What is an argument against using whey protein powder?

Possible arguments against using whey protein powder are:

a. Research shows that people get enough protein in their diet, so people who add extra protein are merely adding calories and no additional muscle growth.

b. Too much protein has been linked to kidney problems.
5. What is an argument for using creatine?

A possible argument for using creatine is that studies have shown that these supplements seem to give a slight benefit in sports where athletes need to produce energy in short spurts. 
6. What is an argument against using creatine?

A possible argument against using creatine is that it has several possible side effects: muscle cramping, small muscle tears, dehydration, headaches, nausea, diarrhea, anxiety, and depression. Long-term use of creatine may lead to kidney and liver problems.
7. What is an argument for using L-arginine?

A possible argument for using L-arginine is that since it is converted into nitric oxide, a compound that dilates blood vessels, it could in theory increase blood flow and help athletes to improve athletic performance.
8. What is an argument against using L-arginine?

Possible arguments against using L-arginine are:

a. Studies have shown little or no evidence that L-arginine boosts energy and muscle strength, or improves stamina or workout intensity.

b. Use of L-arginine has a long list of potential side effects, including nausea, diarrhea, hives and lower back pain.
9. What is some advice for how to decide whether or not to take a supplement and which sports supplements are useful and safe?

When deciding whether or not to take a supplement and which to take, it is recommended to consult a physician or a registered dietitian. 
Anticipation Guide

Anticipation guides help engage students by activating prior knowledge and stimulating student interest before reading. If class time permits, discuss students’ responses to each statement before reading each article. As they read, students should look for evidence supporting or refuting their initial responses.
Directions:  Before reading, in the first column, write “A” or “D,” indicating your agreement or disagreement with each statement.  As you read, compare your opinions with information from the article. In the space under each statement, cite information from the article that supports or refutes your original ideas.

	Me
	Text
	Statement

	
	
	1. Sports supplements are regulated by the Food and Drug Administration.

	
	
	2. Whey protein comes from milk.

	
	
	3. Whey proteins contain amino acids that the body cannot make on its own.

	
	
	4. Your body requires less energy to break down fats than proteins.

	
	
	5. Creatine is produced naturally by the body.

	
	
	6. Creatine plays an important role in producing energy.

	
	
	7. Creatine has been shown to benefit all athletes, including those involved in endurance sports.

	
	
	8. L-Arginine can be produced by the body.

	
	
	9. L-Arginine has been demonstrated to boost both energy and muscle strength.

	
	
	10. Marathon runners and weight lifters have similar nutritional needs.


Reading Strategies  
These matrices and organizers are provided to help students locate and analyze information from the articles.  Student understanding will be enhanced when they explore and evaluate the information themselves, with input from the teacher if students are struggling. Encourage students to use their own words and avoid copying entire sentences from the articles. The use of bullets helps them do this. If you use these reading strategies to evaluate student performance, you may want to develop a grading rubric such as the one below.

	Score
	Description
	Evidence

	4
	Excellent
	Complete; details provided; demonstrates deep understanding.

	3
	Good
	Complete; few details provided; demonstrates some understanding.

	2
	Fair
	Incomplete; few details provided; some misconceptions evident.

	1
	Poor
	Very incomplete; no details provided; many misconceptions evident.

	0
	Not acceptable
	So incomplete that no judgment can be made about student understanding


Teaching Strategies: 

1. Links to Common Core Standards for writing: Ask students to debate one of the controversial topics from this issue in an essay or class discussion, providing evidence from the article or other references to support their position.

2. Vocabulary that is reinforced in this issue:

a. Surface area

b. Kinetic energy

c. Amino acid

d. Protein

e. Binding energy

3. To help students engage with the text, ask students what questions they still have about the articles. The articles about sports supplements and fracking, in particular, may spark questions and even debate among students.

Directions:  As you read, use the chart below to help you analyze the information regarding the benefits and risks of the sports supplements discussed in the article.

	
	Benefits
	Risks

	Whey protein powder
	
	

	Creatine
	
	

	L-Arginine
	
	


Background Information 
(teacher information)
More on sports supplements 


The term “sports supplement” might mean different things to different people. For some, a sports supplement might include the use of a sports drink such as Gatorade or Powerade or an energy bar such as a Clif Bar, Larabar, or Powerbar. However, with the mainstream use of these products by people who are not competitive athletes, others may feel that a sports supplement is a more specialized item that you wouldn’t necessarily pick up at the grocery store. As part of the study described in “Nutritional Supplement Use Among College Athletes and Their Sources of Information,” “Athletes were asked to write their own definition of a supplement. Thirty-four (34) percent responded with all or parts of the following: that a supplement is a product that helps to increase performance, strength, muscle, and enhance recovery. Other popular definitions included; a multivitamin, something that improves health or the body, additional nutrition added to the diet, pills, anything other than food, or something that helps you gain or lose weight.” (Froiland, K., et al. Nutritional Supplement Use Among College Athletes and Their Sources of Information. Int. J. Sport Nutr. Exerc. Metab. 2004, 14, p 107; see http://www.unc.edu/~beres/Pills, Placebos, Panaceas/sports supplements.pdf) 
In the same study, athletes reported their reasons for taking supplements. Reasons included: “For my health; strength/power; increase energy; weight/muscle gain; prevent injury/illness; speed/agility; I felt I needed to; inadequate diet; weight/fat loss; help heal injury/illness; it makes me feel better” (p 114).


A chapter in the textbook Clinical Sports Nutrition that focuses on sports supplements describes possible classifications for sports supplements and defines the textbook’s meaning of a supplement. 
‘Dietary supplements’, ‘nutritional ergogenic aids’, ‘sports supplements’, ‘sports foods’ and ‘therapeutic nutritional supplements’—these are some of the terms used to describe the range of products that collectively form the sports supplement industry. Just as there are a variety of names for these products, there are a variety of definitions or classification systems. Characteristics that can be used to categorise supplements include:

· function (for example, muscle building, immune boosting, fuel providing)

· form (for example, pills, powders, foods or drinks)

· availability (for example, over-the-counter, mail order, Internet, multi-level marketing), and
· scientific merit for claims (for example, well-supported, unsupported, undecided). …
For the purposes of this chapter we will discuss supplements and sports foods that meet one or more of the following definitions:

· They provide a convenient and practical means of meeting a known nutrient requirement to optimise daily training or competition performance (for example, a liquid meal supplement, sports drink, carbohydrate gel, sports bar).

· They contain nutrients in large quantities in order to treat a known nutritional deficiency (for example, an iron supplement).

· They contain nutrients or other components in amounts that directly enhance sports performance or maintain/restore health and immune function—scientifically supported or otherwise (for example, caffeine, creatine, glycerol, ginseng). 
(Burke, L., et al. Ch. 16 Supplements and sports foods. Clinical Sports Nutrition. Eds. Burke, L.; Deakin, J. McGraw-Hill Book Company Australia, 2006, pp 485–486; see http://www.ausport.gov.au/__data/assets/pdf_file/0010/146539/16Complete.pdf)
In terms of regulation, from the viewpoint of the U.S. government, sports supplements are included in the category “dietary supplement.” The U.S. Food and Drug Administration (FDA) Web site answers the question “What is a dietary supplement?” below.
Congress defined the term "dietary supplement" in the Dietary Supplement Health and Education Act (DSHEA) of 1994. A dietary supplement is a product taken by mouth that contains a "dietary ingredient" intended to supplement the diet. The "dietary ingredients" in these products may include: vitamins, minerals, herbs or other botanicals, amino acids, and substances such as enzymes, organ tissues, glandulars, and metabolites. Dietary supplements can also be extracts or concentrates, and may be found in many forms such as tablets, capsules, softgels, gelcaps, liquids, or powders. They can also be in other forms, such as a bar, but if they are, information on their label must not represent the product as a conventional food or a sole item of a meal or diet. Whatever their form may be, DSHEA places dietary supplements in a special category under the general umbrella of "foods," not drugs, and requires that every supplement be labeled a dietary supplement. 
(http://www.fda.gov/Food/DietarySupplements/QADietarySupplements/default.htm)


Using some form of supplement to enhance one’s sports performance extends far back into history. The 2006 article “Popular Ergogenic Drugs and Supplements in Young Athletes” states, “Drug use by athletes to improve performance is not a new practice. As early as BC 776, the Greek Olympians were reported to use substances such as dried figs, mushrooms, and strychnine to perform better.” (Calfee, R.; Fadale, P. Popular Ergogenic Drugs and Supplements in Young Athletes. Pediatrics 2006, 117(3), p e578; see http://pediatrics.aappublications.org/content/117/3/e577.full.pdf) 

Over the years the use of sports supplements has greatly increased. The market for their sale has grown to dizzying sums; supplements can easily be purchased at local stores as well as the internet. The same article shares statistics: “Nutritional supplements can be purchased legally at any health store. Yearly sales in the United States approach $12 billion to $15 billion, with sport supplements being responsible for $800 million. Investigators at 1 university found that 88% of athletes used nutritional supplements, and among a high school cohort of 270 athletes, 58% had used some form of supplementation.” (p e583)

Although the use of sports supplements is widespread, the National Federation of State High School Associations (NFHS) has a position statement on supplements that strongly opposes their use by teenagers. The NFHS’s 2012 Supplements Position Statement is quoted here:
The NFHS Sports Medicine Advisory Committee (SMAC) strongly opposes the use of dietary supplements for the purpose of obtaining a competitive advantage. Research shows that there continues to be widespread use of dietary supplements by adolescent and high school athletes, despite considerable safety concerns. Dietary supplements are marketed as an easy way to enhance athletic performance, increase energy levels, lose weight, and feel better. Adolescents are more susceptible to peer pressure and these advertising messages, which may increase the incidence of dietary supplement usage and reinforce a culture more concerned about short-term performance rather than overall long-term athletic development and good health. 

The Dietary Supplement Health and Education Act (DSHEA) of 1994 removes dietary supplements from pre-market regulation by the Food and Drug Administration (FDA). Under DSHEA, a manufacturing firm is responsible for determining that the dietary supplements it manufactures or distributes are safe and that any representations or claims made about them are substantiated by adequate evidence to show that they are not false or misleading. This essentially classifies dietary supplements as a food and not a drug, and as such, they are not subject to the same strict tests and regulations as prescription and “over-the-counter” medications by the FDA. Only the companies that produce dietary supplements are responsible for ensuring that their products are pure, safe and effective for their intended use. As the FDA has limited resources to analyze the composition of dietary supplements, there is often no guarantee concerning the true amount, concentration or purity of the ingredients as listed on the label. In fact, the FDA cannot remove a dietary supplement from the marketplace unless the supplement has been shown to be “unsafe.” 

The NFHS SMAC strongly opposes the use of supplements by high school athletes for performance enhancement, due to the lack of published, reproducible scientific research documenting the benefits of their use and confirming no potential long-term adverse health effects with their use, particularly in the adolescent age group. Dietary supplements should be used only upon the advice of one’s health care provider for health-related reasons – not for the purpose of gaining a possible competitive advantage. School personnel and coaches should never recommend, endorse or encourage the use of any dietary supplement, drug, or medication for performance enhancement. 

We recommend that coaches, athletic directors, and other school personnel develop strategies that address the prevalence and growing concerns of using dietary supplements. Such strategies may include conversations with athletes and their parents about the potential dangers of dietary supplement use. Athletes should be encouraged to pursue their athletic goals through hard work, appropriate rest and good nutrition, not unsubstantiated dietary shortcuts.

In order to discourage dietary supplement use for athletic performance: 

· School personnel, coaches, and parents should allow for open discussion about dietary supplement use, and strongly encourage obtaining optimal nutrition through a well-balanced diet.

· Remind athletes that no supplement is harmless or free from consequences and that there are no short cuts to improve athletic performance.

· Because they are not strictly regulated, dietary supplements may contain impurities and banned substances not listed on the label. 
(http://www.mshsaa.org/resources/pdf/supplements.pdf)
Additional groups have taken positions against the use of supplements by young people. Other groups and a brief summary of their reasons for these positions are in Clinical Sports Nutrition:

Success in sports involves obtaining an “edge” over the competition, and children and adolescents may be uniquely vulnerable to the lure of supplements. The pressure to “win at all costs”, extensive coverage in lay publications, and hype from manufacturers with exciting and emotive claims all play a role in the use of supplements by young athletes. The knowledge that famous athletes and other role models use or promote supplements and sports foods adds to the allure. … The lack of information about the longterm safety of ingesting various compounds on a growing or developing body is a special concern.
Various expert groups have made strong statements against the use of supplements by young athletes. The American Academy of Pediatrics policy statement on the use of performance enhancing substances (2005) condemns the use of ergogenic aids, including various dietary supplements, by children and adolescents. The American College of Sports Medicine recommends that creatine not be used by people under 18 years of age (American College of Sports Medicine 2000). These policies are based on the unknown but potentially adverse health consequences of some supplements and the implications of supplement use on the morals of a young athlete. Many people consider supplements to be an “entry point” to the decision to take more serious compounds, including prohibited drugs. 
(Burke, L., et al. Ch. 16 Supplements and sports foods. Clinical Sports Nutrition. Eds. Burke, L.; Deakin, J. McGraw-Hill Book Company Australia, 2006, p 492; see http://www.ausport.gov.au/__data/assets/pdf_file/0010/146539/16Complete.pdf)

As mentioned above, the U.S. FDA has the power to remove a dietary supplement from the market if it has been shown to be unsafe. For example, this was the case with supplements containing dimethylamylamine (DMAA), a substance mentioned in the De Antonis article. However, purchasers of supplements may take this to mean that the products have gone through rigorous testing and approval procedures similar to those undergone by new drugs coming to market. This is not true. For dietary supplements, the manufacturers themselves are responsible for ensuring that their products are safe to use and that claims they make about the product are true. This does have a benefit in that the expensive trials and testing that drugs undergo are not necessary; if they were, the cost of supplements would increase to offset the cost or products would not come to market in the first place. The FDA Web site discusses the responsibilities connected with regulating, manufacturing, and selling sports supplements:

What is FDA's role in regulating dietary supplements versus the manufacturer's responsibility for marketing them?
In October 1994, the Dietary Supplement Health and Education Act (DSHEA) was signed into law by President Clinton. Before this time, dietary supplements were subject to the same regulatory requirements as were other foods. This new law, which amended the Federal Food, Drug, and Cosmetic Act, created a new regulatory framework for the safety and labeling of dietary supplements. Under DSHEA, a firm is responsible for determining that the dietary supplements it manufactures or distributes are safe and that any representations or claims made about them are substantiated by adequate evidence to show that they are not false or misleading. This means that dietary supplements do not need approval from FDA before they are marketed. 

Who has the responsibility for ensuring that a dietary supplement is safe?
By law (DSHEA), the manufacturer is responsible for ensuring that its dietary supplement products are safe before they are marketed. Unlike drug products that must be proven safe and effective for their intended use before marketing, there are no provisions in the law for FDA to "approve" dietary supplements for safety or effectiveness before they reach the consumer. Under DSHEA, once the product is marketed, FDA has the responsibility for showing that a dietary supplement is "unsafe," before it can take action to restrict the product's use or removal from the marketplace. However, manufacturers and distributors of dietary supplements must record, investigate and forward to FDA any reports they receive of serious adverse events associated with the use of their products that are reported to them directly. FDA is able to evaluate these reports and any other adverse event information reported directly to us by healthcare providers or consumers to identify early signals that a product may present safety risks to consumers. 

Who validates claims and what kinds of claims can be made on dietary supplement labels?
FDA receives many consumer inquiries about the validity of claims for dietary supplements, including product labels, advertisements, media, and printed materials. The responsibility for ensuring the validity of these claims rests with the manufacturer, FDA, and, in the case of advertising, with the Federal Trade Commission. By law, manufacturers may make three types of claims for their dietary supplement products: health claims, structure/function claims, and nutrient content claims. Some of these claims describe: the link between a food substance and disease or a health-related condition; the intended benefits of using the product; or the amount of a nutrient or dietary substance in a product. Different requirements generally apply to each type of claim … 
(http://www.fda.gov/Food/DietarySupplements/QADietarySupplements/)

Claims made by manufacturers of sports supplements often center around the idea that loading the body with substances one already consumes in ordinary foods or produces normally in the body can benefit the user. The three supplement examples discussed in the De Antonis article would fit this description. The textbook Clinical Sports Nutrition discusses these types of claims made by manufacturers, along with other techniques for encouraging consumers to buy.

Although manufacturers are not meant to make unsupported claims about health or performance benefits elicited by supplements, product advertisements and testimonials show ample evidence that this aspect of supplement marketing is unregulated and exploited. For example, a survey of five issues of body-building magazines found 800 individual performance claims for 624 different products within advertisements (Grunewald & Bailey 1993). It is easy to see how enthusiastic and emotive claims provide a false sense of confidence about the products. Most consumers are unaware that the regulation of such advertising is generally not enforced. Therefore, athletes are likely to believe that claims about supplements are medically and scientifically supported, simply because they believe that untrue claims would not be allowed to exist. …

The current focus of the sports supplement industry is on compounds and nutrients that act as cofactors, intermediary metabolites or stimulants of key reactions in exercise metabolism. The rationale behind supplementation is that if the system is ‘supercharged’ with additional amounts of these compounds, metabolic processes will proceed faster or for longer time, thus enhancing sports performance. The marketing of many contemporary supplements is accompanied by sophisticated descriptions of metabolic pathways and biochemical reactions, with claims that enhancement of these will lead to athletic success. 
(Burke, L., et al. Ch. 16 Supplements and sports foods. 
Clinical Sports Nutrition. Eds. Burke, L.; Deakin, J. McGraw-Hill Book Company Australia, 2006, pp 487, 493; see http://www.ausport.gov.au/__data/assets/pdf_file/0010/146539/16Complete.pdf)

Making informed decisions about deciding whether or not to use sports supplements is important. However, finding accessible and trusted information can be difficult. There are many studies about different types of supplements and their efficacy. However, many journals only allow paid subscribers to read their articles. Typical personal sources of information teenagers have easier access to are parents, peers, coaches, and their own doctors. However, even sources one might consider as trustworthy don’t necessarily have the whole picture. The journal article “Supplement Use in Sport: Is There a Potentially Dangerous Incongruence Between Rationale and Practice?” states:

Numerous factors can be involved in athletes' decisions to use supplements including desired end points such as increasing strength, endurance, training duration and overcoming injury as well as avoiding sickness and compensating for poor diet. Unfortunately, lack of knowledge and/or misconceptions regarding supplements within athlete populations have been documented for more than a decade. Recent research also shows that athletes are willing to take supplements based on personal recommendation without gathering reliable information about the substances, often obtaining them directly from retailers and internet sites. Adolescents are more willing to take supplements obediently if they are informed by their parents/guardians, as opposed to by coaches or resulting from published research.

Conflicting reports on knowledge levels within health care professions demonstrate a wide variation in practice. In one study, physicians and medical students were tested to determine the level of their knowledge regarding efficacy and toxicity, and drug interactions with herbal remedies, and it was found that the mean test scores were only slightly higher than scores obtained from random guessing. On the contrary, recent research among physicians, nurses, nutritionists and pharmacists showed adequate knowledge (average 66% on the knowledge test), less confidence (55%) but noted a serious lack of communication skills (average 2.2 out of 10) regarding herbs and nutritional supplements. Athletic trainers and coaches were found to be reasonably knowledgeable, especially those working with female athletes and/or having more than 15 years of experience. 
(Petróczi, A.; Naughton, D. P. Supplement Use in Sport: Is There a Potentially Dangerous Incongruence Between Rationale and Practice? J. Occup. Med. Toxicol. 2007, 2:4; see http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1904455/)

To help guide informed decision-making, a children’s health Web site offers the following tips:

Encourage teens to think critically about any supplement that is recommended to them, whether by a friend, a coach, a health food store employee, or a training magazine or website. It’s their bodies and their athletic performance that are at stake, and often their wallets as well. The supplement industry makes millions of dollars a year promoting unproven products. Teens don’t have to add to those profits at the expense of their health.

Before taking any nutrition supplement, your teen should consider the following:
Efficacy

What effect is the product supposed to have? Who is making the claim? Does the product really have that effect? What evidence is there? Do the claims come from testimonials, or from scientific studies? Do the results of the study apply to athletes like your teen? Does the product have an actual effect on athletic performance, or are the effects only measurable in the lab? Was the product tested at the dose that is recommended on the label?

Safety

Has anyone evaluated the safety of the product? Does it have side effects? What are they? Has the product been studied over the long term, or only for short periods (weeks or months)? Has it been banned by any athletic organization or government body?

Product quality

Do you know what you’re getting? Is the package properly labelled and sealed? Are the manufacturer and the retailer trustworthy, and can you contact them? Does the package contain the dose that it claims? Where did it come from? Can you trust the source? Could it be contaminated with heavy metals or other drugs?

Cost

How much does the product cost? Is it worth taking? Could you get the same results from a properly balanced diet and training program?
(http://www.aboutkidshealth.ca/En/News/Columns/PaediatriciansCorner/Pages/Energy-drinks-whey-protein-and-more-Dietary-supplements-and-teen-athletes.aspx)
A major source of information for teenagers these days is the internet. However, just because something is on the internet doesn’t mean it’s true. The U.S. FDA offers tips for searching the web for information on supplements.

When searching on the Web, try using directory sites of respected organizations, rather than doing blind searches with a search engine. Ask yourself the following questions:

· Who operates the site? Is the site run by the government, a university, or a reputable medical or health-related association (e.g., American Medical Association, American Diabetes Association, American Heart Association, National Institutes of Health, National Academies of Science, or U.S. Food and Drug Administration)? Is the information written or reviewed by qualified health professionals, experts in the field, academia, government or the medical community? 

· What is the purpose of the site? Is the purpose of the site to objectively educate the public or just to sell a product? Be aware of practitioners or organizations whose main interest is in marketing products, either directly or through sites with which they are linked. Commercial sites should clearly distinguish scientific information from advertisements. Most nonprofit and government sites contain no advertising; and access to the site and materials offered are usually free. 

· What is the source of the information and does it have any references? Has the study been reviewed by recognized scientific experts and published in reputable peer-reviewed scientific journals, like the New England Journal of Medicine? Does the information say "some studies show..." or does it state where the study is listed so that you can check the authenticity of the references?

· Is the information current? Check the date when the material was posted or updated. Often new research or other findings are not reflected in old material, e.g., side effects or interactions with other products or new evidence that might have changed earlier thinking. Ideally, health and medical sites should be updated frequently.
· How reliable is the Internet or e-mail solicitations? While the Internet is a rich source of health information, it is also an easy vehicle for spreading myths, hoaxes and rumors about alleged news, studies, products or findings.
(http://www.fda.gov/Food/DietarySupplements/UsingDietarySupplements/ucm110567.htm)
More on whey protein powder

The idea of whey protein powder is probably more familiar than other sports supplements, since more people have probably heard of whey (maybe even through the nursery rhyme “Little Miss Muffett” as she eats her “curds and whey”), and know its connection with milk and cheese. “Whey is a natural byproduct of the cheese-making process and represents 20% of the protein found in dairy milk.” (http://hprc-online.org/dietary-supplements/hprc-articles/is-whey-protein-helpful-to-optimize-performance) The process is described: “During the manufacture of cheese, milk is curdled by means of rennet. The milk coagulates and a hard part (casein) and a liquid part (whey, also called lactoserum) appear. Whey is therefore the liquid that escapes from the curd when it is left to drain. It is transparent, yellowish-green in color, and possesses a slightly tart flavor that is fairly pleasant.” (Vasey, C. The Whey Prescription: The Healing Miracle in Milk. Trans. J. E. Graham. Rochester, VA: Healing Arts Press, 2006, p 7; see http://books.google.com/books?isbn=1594771278) An evaluation of the protein in whey and a description of three different forms of whey protein that are available are: 
The protein derived from whey is high quality because it has all 20 amino acids, including the three branched-chain amino acids (BCAA: leucine, isoleucine, and valine), which can be oxidized by muscles during exercise. Although findings are mixed as to the impact of amino acids on performance and muscle building, whey protein remains appealing for athletes due to preliminary evidence that BCAA may have desirable effects.

Once the whey fraction has been obtained, it is concentrated into a powder, which can produce three types of whey protein supplements: concentrate, isolate, and hydrolysate. These categories differ in the ways they are processed and the amount of protein left in the final formulation. 

(http://hprc-online.org/dietary-supplements/hprc-articles/is-whey-protein-helpful-to-optimize-performance)

The sidebar in the De Antonis article describes each of the three different forms. The table below provides further information on the components of each. One interesting point is the use of hydrolyzed whey protein in infant formula, because it is already partially broken down and easier to digest. 
	Type
	Protein
	Lactose
	Fat
	Common Application

	Whey Protein Concentrate
	25–89%
	4–5.2%
	1–9%
	Protein beverages and bars, confectionery and bakery products, infant formula and other nutritional food products

	Whey Protein Isolate
	90–95%
	0.5–1%
	0.5–1%
	Protein supplementation products, protein beverages, protein bars and other nutritional food products

	Hydrolyzed Whey Protein
	80–90%
	0.5–10%
	0.5–8%
	Infant formula and sports and medical nutrition products


(http://www.wheyoflife.org/proteintypes)

Whey protein has been used as a beneficial supplement earlier in history. A patient in Switzerland in 1749 is described as taking a “whey cure”, drinking whey daily to treat a medical condition. Even earlier than that, “Hippocrates (466–377 BCE), the father of medicine, recommended whey to his patients. Following him, Galen (131–200 CE), another founding father of medicine, advised his patients about the whey cure. … Whey cures were also recommended by other famous names from the history of medicine …” (Vasey, C. The Whey Prescription: The Healing Miracle in Milk. Trans. J. E. Graham. Rochester, VT: Healing Arts Press, 2006, pp 1–2; see http://books.google.com/books?isbn=1594771278) 
Currently, the use of whey protein to benefit one’s health and athletic performance has mixed results: 
However, while there is no question that whey is a highly digestible and rich protein source, there is no meaningful supporting evidence that it provides any specific health benefits. …

There is some evidence that whey can raise levels of glutathione. Glutathione is an antioxidant that the body manufactures to defend itself against free radicals. In certain diseases, glutathione levels may fall to below-normal levels. These conditions include cataracts, HIV, liver disease, diabetes, and various types of cancer. This reduction of glutathione might in turn contribute to the symptoms or progression of the disease. To solve this problem, glutathione supplements have been recommended, but glutathione is essentially not absorbed at all when it is taken by mouth. Whey protein may be a better solution. The body uses cysteine to make glutathione, and whey is rich in cysteine. Meaningful preliminary evidence suggests that whey can raise glutathione levels in people with cancer, hepatitis, or HIV.

However, while these are promising findings, one essential piece of evidence is lacking: there is no evidence as yet that this rise in glutathione produces any meaningful health benefits.

Whey protein has also been proposed as a bodybuilding aid, based partly on its high content of BCAAs. However, there is no more than minimal evidence that whey protein helps accelerate muscle mass development. Furthermore, there is little evidence that whey protein is more effective for this purpose than any other protein. For example, one small double-blind study found evidence that both casein and whey protein were more effective than placebo at promoting muscle growth after exercise, but whey was no more effective than the far less expensive casein. However, a single small study did find ergogenic benefits with whey as compared to casein.

One study looked at whether whey protein could help women with HIV build muscle mass. Participants were divided into three groups: those who undertook a course of resistance exercise (weight lifting), those who took whey, and those who did both. Resistance exercise alone was just as effective as resistance exercise plus whey, while whey alone was not effective. 

(http://www.tuftsmedicalcenter.org/apps/Healthgate/Article.aspx?chunkiid=111816)
A 2006 journal article summarizes studies of its use:

Some but not all studies indicate that a higher protein intake (approximately 1.5 to 2 times the current Recommended Daily Allowance) is advantageous for muscle and strength development during resistance training. Bodybuilders and other strength athletes widely use protein supplements to achieve high protein intakes (up to 3 times the RDA). Aside from quantity, certain types of protein affect whole body protein anabolism and accretion and therefore, have the potential to affect muscle and strength development during resistance training. The type of protein consumed may influence results from resistance training due to variable speeds of absorption, differences in amino acid profiles, unique hormonal response, or positive effects on antioxidant defense. 
(Cribb, P. J., et al. The Effect of Whey Isolate and Resistance Training on Strength, Body Composition, and Plasma Glutamine. Int. J. Sport Nutr. Exerc. Metab. 2006, 16, pp 494–495; see http://chua2.fiu.edu/faculty/kalmand/HUN6248/ppp/IJSNEM Whey vs Casein + RT Cribb 10-2006.pdf)

The study described in the same 2006 article compared the use of whey isolate and casein in recreational bodybuilders, finding that “… whey isolate (WI) provided significantly greater gains in strength, LBM [lean body mass], and a decrease in fat mass compared to supplementation with casein (C) during an intense 10 wk resistance training program” (p 503).

A 2007 summary of the International Society of Sports Nutrition’s position on protein and exercise is summarized below. It does apply to other protein sources in addition to whey protein powder.

The following seven points related to the intake of protein for healthy, exercising individuals constitute the position stand of the Society. They have been approved by the Research Committee of the Society.

1) Vast research supports the contention that individuals engaged in regular exercise training require more dietary protein than sedentary individuals.

2) Protein intakes of 1.4 – 2.0 g/kg/day for physically active individuals are not only safe, but may improve the training adaptations to exercise training.

3) When part of a balanced, nutrient-dense diet, protein intakes at this level are not detrimental to kidney function or bone metabolism in healthy, active persons.

4) While it is possible for physically active individuals to obtain their daily protein requirements through a varied, regular diet, supplemental protein in various forms are a practical way of ensuring adequate and quality protein intake for athletes.

5) Different types and quality of protein can affect amino acid bioavailability following protein supplementation. The superiority of one protein type over another in terms of optimizing recovery and/or training adaptations remains to be convincingly demonstrated.

6) Appropriately timed protein intake is an important component of an overall exercise training program, essential for proper recovery, immune function, and the growth and maintenance of lean body mass.

7) Under certain circumstances, specific amino acid supplements, such as branched-chain amino acids (BCAA's), may improve exercise performance and recovery from exercise. 
(Campbell, B., et al. International Society of Sports Nutrition Position Stand: Protein and Exercise. J. Int. Soc. Sports Nutr. 2007, 4:8; see http://www.jissn.com/content/pdf/1550-2783-4-8.pdf)
More on creatine

As mentioned in the De Antonis article, creatine can be found in many foods and can also be produced by the body. Foods with creatine include meat, fish, and eggs. In the body, “Creatine is formed from glycine, arginine, and methionine and is naturally produced by the liver, kidneys, and pancreas. After production, creatine is transported to muscle, heart, and brain, with 95% of bodily stores remaining in muscle.” (Calfee, R.; Fadale, P. Popular Ergogenic Drugs and Supplements in Young Athletes. Pediatrics 2006, 117(3), p e584; see http://pediatrics.aappublications.org/content/117/3/e577.full.pdf) 

The body’s creatine requirement of 1 to 2 grams per day can easily be met through a combination of production by the body and through a non-vegetarian diet. If additional creatine is consumed through the diet or supplements, this “temporarily suppress[es] endogenous creatine production.” 
(Burke, L., et al. Ch. 16 Supplements and sports foods. Clinical Sports Nutrition. Eds. Burke, L.; Deakin, J. McGraw-Hill Book Company Australia, 2006, p 513; see http://www.ausport.gov.au/__data/assets/pdf_file/0010/146539/16Complete.pdf) 
For creatine supplements, “In recent years, creatine has been synthesized, mainly as creatine monohydrate, and has been marketed to athletes at all levels. Creatine supplements come in various forms (powder, pills, candy, chews, gels, serum, micronized) for both strength and endurance athletes, including products marketed specifically for males, females, and adolescents.” 
(Williams, M. Dietary Supplements and Sports Performance: Metabolites, Constituents, and Extracts. J. Int. Soc. Sports Nutr. 2006, 3:1-5; see http://www.jissn.com/content/3/2/1)


Creatine does appear to cause improvement in athletic performance for many users. The 2006 Pediatrics journal article “Popular Ergogenic Drugs and Supplements in Young Athletes” states, “Investigations into the tissue level effects of oral creatine seem to show several changes. Supplementation can cause an ~20% increase in muscle phosphocreatine stores, quicken the replenishment of phosphocreatine during recovery, and buffer lactic acid as hydrogen ions are consumed during the dephosphorylation of phosphocreatine, which potentially delays fatigue onset.” (Calfee, R.; Fadale, P. Popular Ergogenic Drugs and Supplements in Young Athletes. Pediatrics 2006, 117(3), p e584; see http://pediatrics.aappublications.org/content/117/3/e577.full.pdf) At the same time, there is a significant percentage for whom there is no effect: “However, nearly 30% of athletes do not see benefits with creatine use, thereby falling into a category of “nonresponders” who are theorized to have already maximal phosphocreatine stores.” (p e585)

The rise in popularity of creatine is an interesting phenomenon. The De Antonis article mentions the use of creatine by athletes for the 1992 Summer Olympic Games and by a Cambridge University rowing team. Creatine has not only been popular among athletes, but among scientific researchers as well. The 2006 journal article “Dietary Supplements and Sports Performance: Metabolites, Constituents, and Extracts” states, “Creatine is one of the most researched sports supplements, as literally hundreds of studies have evaluated its effects on various types of sport performance. Most of the research has focused on the ability of creatine supplementation to increase muscle mass and related muscular strength and power applicable to performance in very-high-intensity sports, such as sprinting in track events.” 

(Williams, M. Dietary Supplements and Sports Performance: Metabolites, Constituents, and Extracts. J. Int. Soc. Sports Nutr. 2006, 3:1-5; see http://www.jissn.com/content/3/2/1) The textbook Clinical Sports Nutrition summarizes a selection of research literature:

…we offer the following summary of this literature, and of recent reviews (Juhn&Tarnopolsky 1998a, 1998b; Kraemer & Volek 1999; Branch 2003; Rawson & Volek 2003; Bemben & Lamont 2005):
· The major benefit of creatine supplementation appears to be an increase in the rate of creatine phosphate resynthesis during the recovery between bouts of high-intensity exercise, producing higher creatine phosphate levels at the start of the subsequent exercise bout. Creatine supplementation can enhance the performance of repeated 6–30 s bouts of maximal exercise, interspersed with short recovery intervals (20 s to 5 minutes), where it can attenuate the normal decrease in force or power production that occurs over the course of the session. …
· The exercise situations that have been most consistently demonstrated to benefit from creatine supplementation are laboratory protocols of repeated high intensity intervals, involving isolated muscular efforts or weight-supported activities such as cycling.

· In theory, acute creatine supplementation might be beneficial for a single competitive event in sports involving repeated high-intensity intervals with brief recovery periods. This description includes team games and racquet sports. Similarly, chronic creatine supplementation may allow the athlete to train harder at exercise programs based on repeated high-intensity exercise, and make greater performance gains. These benefits may apply to the across-season performance of athletes in team and racquet sports, as well as the preparation of athletes who undertake interval training and resistance training (for example, swimmers and sprinters). …
· Evidence that creatine supplementation is of benefit to endurance exercise is absent or inconsistent although it may enhance muscle glycogen storage. 
(Burke, L., et al. Ch. 16 Supplements and sports foods. Clinical Sports Nutrition. Eds. Burke, L.; Deakin, J. McGraw-Hill Book Company Australia, 2006, pp 514–515; see http://www.ausport.gov.au/__data/assets/pdf_file/0010/146539/16Complete.pdf)
There is the possibility of creatine being used in situations other than athletics:

Researchers are studying whether creatine might also be useful for treating certain health conditions caused by weakened muscles, including:

· Heart failure and heart attack

· Huntington's disease

· Neuromuscular disorders, including muscular dystrophy and amyotrophic lateral sclerosis (ALS or Lou Gehrig's disease)

Creatine is also being studied as a way to lower cholesterol in people with abnormally high levels. Although early research has been promising, it's too early to say for sure whether creatine is effective for any of these conditions. 
(http://men.webmd.com/creatine)

Statistics from a 2006 journal article show creatine usage rates that agree with those shared in the De Antonis article:
Questioning younger populations, 1 study found 8.2% of 14- to 18-year-olds using the supplement, with 75% of those users either unaware of how much creatine they consumed or taking more than the recommended amounts. Meanwhile, looking at 10- to 18-year-olds, Metzl et al. reported that 5.6% of that age group used creatine, with every grade from 6 to 12 involved. It was also noted that 12th-graders used creatine much like their collegiate counterparts, with that grade reporting 44% use. Current estimates of collegiate creatine use vary from 25% to 78% of athletes. 
(Calfee, R.; Fadale, P. Popular Ergogenic Drugs and Supplements in Young Athletes. Pediatrics 2006, 117(3), p e585; see http://pediatrics.aappublications.org/content/117/3/e577.full.pdf)
As stated earlier in the “More on sports supplements” section, the NFHS’s 2012 Supplements Position Statement opposes the use of supplements by those 18 years old and younger for athletic advantage. However, use by youth continues. One product, Teen Advantage Creatine Serum, is even targeted specifically at those ages 11 to 19. Excerpts from an online advertisement are: “Developed especially for young aspiring athletes 11-19 years of age. …a special formulation for teens. … Teen Advantage formula is safe … But note, most studies done on the effect of creatine involved adult athletes.” 

(http://www.netrition.com/teen_advantage_page.html)
Concerns with creatine use are summarized in the textbook Clinical Sports Nutrition:
Whether there are side effects from long-term use of creatine, particularly with the large doses associated with rapid loading, remains to be determined. To date, there are anecdotal reports of nausea, gastrointestinal upset, headaches and muscle cramping/strains linked to some creatine supplementation protocols. Some of these adverse effects are plausible, particularly in light of increased water retention within skeletal muscle (and perhaps brain) cells. At this time, however, studies have failed to find evidence of an increased prevalence or risk of these problems among creatine users (Greenwood et al. 2003, 2004; Kreider et al. 2003b). … Although it is commonly suggested that creatine supplementation may cause renal impairments, these are limited to case reports in a few patients with pre-existing renal dysfunction. Longitudinal studies have reported that creatine intake had no detrimental effects on renal responses in various athletic populations (Poortmans et al. 1997; Mayhew et al. 2002). … Creatine supplementation should be limited to well-developed athletes. Young athletes are able to make substantial gains in performance through maturation in age and training, without the need to expose themselves to the expense or small potential for long-term consequences of creatine use. 
(Burke, L., et al. Ch. 16 Supplements and sports foods. Clinical Sports Nutrition. Eds. Burke, L.; Deakin, J. McGraw-Hill Book Company Australia, 2006, pp 515–516; see http://www.ausport.gov.au/__data/assets/pdf_file/0010/146539/16Complete.pdf)
More on L-arginine


L-arginine is mentioned in the De Antonis article as a nonessential amino acid, meaning that it can be made by the body. A refinement of this statement could be that it is “semi-essential.” Reasoning for this is described: “Arginine is a semi-essential amino acid involved in multiple areas of human physiology and metabolism. It is not considered essential because humans can synthesize it de novo from glutamine, glutamate, and proline. However, dietary intake remains the primary determinant of plasma arginine levels, since the rate of arginine biosynthesis does not increase to compensate for depletion or inadequate supply.” (http://www.altmedrev.com/publications/7/6/512.pdf) The Mayo Clinic Web site offers a list of some dietary sources of arginine: “Almonds, barley, Brazil nuts, brown rice, buckwheat, cashews, cereals, chicken, chocolate, coconut, corn, dairy products, filberts, gelatin, meats, oats, peanuts, pecans, raisins, sesame seeds, sunflower seeds, walnuts.” 
(http://www.mayoclinic.com/health/l-arginine/NS_patient-arginine/DSECTION=related-terms) 

The early history of its discovery and research is described in the journal Circulation: “First identified in extracts of etiolated lupine seedlings by Schultz and Steiger in 1886, L-arginine was shown to be a product of protein hydrolysis by Hedin nine years later; its structure was not proven until 1910 by Sorenson.” (Loscalzo, J. What We Know and Don’t Know About L-Arginine and NO. Circulation 2000, 101:2126–2129; see http://circ.ahajournals.org/content/101/18/2126.full)

The potential benefit of L-arginine to the body is related to the fact that L-arginine is a precursor to the production of nitric oxide (NO). The process requires the enzyme Nitric Oxide Synthase (NOS), which catalyzes the conversion of L-arginine to L-citrulline, producing NO. NO functions as a vasodilator, meaning that it widens, or dilates, blood vessels. Vasodilators “work by relaxing the smooth muscles that line the walls of blood vessels—causing the blood vessels to increase in diameter and allow blood to flow through more easily.” 
(http://health.howstuffworks.com/medicine/medication/vasodilator-drug.htm) Because of this action, it has applications in the body far beyond the idea of it potentially increasing athletic performance. These relate to conditions that could improve with increased vasodilation from the production of NO and conditions that could benefit from increased protein production or the release of growth hormone or insulin. (http://www.mayoclinic.com/health/l-arginine/NS_patient-arginine; http://www.nlm.nih.gov/medlineplus/druginfo/natural/875.html) However, the list of potential side effects is long (see “More sites on L-arginine”), and L-arginine can interact with many other supplements and medications.


The effectiveness of L-arginine on different conditions/situations is summarized at MedlinePlus:

Natural Medicines Comprehensive Database rates effectiveness based on scientific evidence according to the following scale: Effective, Likely Effective, Possibly Effective, Possibly Ineffective, Likely Ineffective, Ineffective, and Insufficient Evidence to Rate. 
The effectiveness ratings for L-ARGININE are as follows:

Possibly effective for...

· Improving recovery after surgery. Taking L-arginine with ribonucleic acid (RNA) and eicosapentaenoic acid (EPA) before surgery or afterwards seems to help reduce the recovery time, reduce the number of infections, and improve wound healing after surgery.

· Congestive heart failure. Taking L-arginine along with usual treatment seems to help eliminate extra fluids that are a problem in congestive heart failure. But taking L-arginine doesn’t always improve exercise tolerance or quality of life. L-arginine should not be used instead of the usual treatments ordered by a healthcare provider.

· Chest pain associated with coronary artery disease (angina pectoris). Taking L-arginine seems to decrease symptoms and improve exercise tolerance and quality of life in people with angina. But L-arginine doesn’t seem to improve the disease itself.

· Bladder inflammation. Taking L-arginine seems to improve symptoms, but it may take up to three months of treatment to see improvement.

· Wasting and weight loss in people with HIV/AIDS, when used with hydroxymethylbutyrate (HMB) and glutamine. This combination seems to increase body weight, particularly lean body mass, and improve the immune system.

· Preventing loss of effect of nitroglycerin in people with angina pectoris.

· Problems with erections of the penis (erectile dysfunction).

· Improving kidney function in kidney transplant patients taking cyclosporine.

· Preventing inflammation of the digestive tract in premature infants.

· Cramping pain and weakness in the legs associated with blocked arteries (intermittent claudication).

Possibly ineffective for...

· Heart attack. Taking L-arginine does not seem to help prevent a heart attack. It also doesn’t seem to be beneficial for treating a heart attack after it has occurred. In fact, there is concern that L-arginine might be harmful for people after a recent heart attack. Don't take L-arginine if you have had a recent heart attack.

· Pre-eclampsia, an increase in blood pressure during pregnancy. Taking L-arginine doesn't seem to lower diastolic blood pressure (the second number) in women with pre-eclampsia in their 28th to 36th week of pregnancy.

Insufficient evidence to rate effectiveness for...

· Migraine headache. Taking L-arginine by mouth along with the painkiller ibuprofen seems to be effective for treating migraine headache. This combination sometimes starts to work within 30 minutes. But it’s hard to know how much of the pain relief is due to L-arginine, since ibuprofen can relieve migraine pain on its own.

· Decreased mental function in the elderly (senile dementia). Limited research suggests that L-arginine might improve senile dementia.

· Improving healing of diabetic foot ulcers. There is interest in using L-arginine for preventing diabetic foot ulcers. Applying L-arginine to the feet seems to improve circulation in people with diabetes, which might be helpful in preventing ulcers. But if there is already an ulcer on the foot, injecting L-arginine under the skin near the ulcer doesn’t seem to shorten healing time by much or lower the chance of needing an amputation in the future.

· High blood pressure. There is some evidence that taking L-arginine can slightly lower blood pressure in healthy people and in people with type 2 diabetes who have mild high blood pressure.

· Male infertility.

· Prevention of the common cold.

· Improving athletic performance.

· Breast cancer when used in combination with chemotherapy.

· Wound healing.

· Female sexual problems.

· Sickle cell disease.

· Improving the immune system in people with head and neck cancer.
More evidence is needed to rate L-arginine for these uses. 

(http://www.nlm.nih.gov/medlineplus/druginfo/natural/875.html)

A look at past studies of arginine supplementation show mixed results. For example, the 2008 review article “The Influence of Arginine Supplementation on Performance and Metabolism in Athletes” compares early research of arginine with research current at that time:
No absolute conclusions can be drawn from this review of the literature on effects of arginine aspartate on metabolism and performance. On the one hand, older studies show, in some cases, positive effects on parameters of metabolism and performance as a result of supplementation, but more recent studies - performed as randomized, double-blind and placebo-controlled trials - suggest no specific effects on various metabolic parameters and performance. Dosages and exercise protocols from earlier studies are not comparable with recent studies. 

The effects on metabolic and endocrine parameters do not suggest the potential for improvement in athletic performance. Although the intravenous infusion of arginine appeared to influence hGH [endogenous growth hormone], intense physical exercise has the same effect. The positive effect on performance shown in earlier studies has not been demonstrated in recent studies, performed as randomised, double-blind and placebo-controlled trials, with larger subject numbers. 
(Knechtle, B.; Bosch, A. The Influence of Arginine Supplementation on Performance and Metabolism in Athletes. International SportMed Journal 2008, 9(1), p 28; see http://www.ismj.com/files/311417173/ismj pdfs/Vol_9_No_1_2008/Influence-arginine-supplementation.pdf)
The 2010 research article “Arginine and Antioxidant Supplement on Performance in Elderly Male Cyclists: A Randomized Controlled Trial” agrees on the inconclusiveness and summarizes several studies:
The role of nitric oxide in cardiovascular health has been well described in literature. The effect of nitric oxide on exercise performance, however, has not been clearly elucidated. During a 5 week progressive strength training program, volunteers were given a supplement containing 1 g arginine and 1 g ornithine, or a placebo, each day. The results suggest that the combination of arginine and ornithine taken in conjunction with a high intensity strength training program can significantly increase muscle strength and lean body mass. Campbell et al observed that arginine and α-ketoglutarate positively influenced 1 RM bench press and Wingate peak power performance in trained adult men. Arginine was also reported to improve peak power significantly in non-athlete men. Conversely, a number of studies have failed to identify any beneficial effect of arginine supplementation. Liu et al investigated the effect of three day supplementation of 6 gram of arginine on performance in intermittent exercise in well-trained male college judo athletes and found the supplementation had no effect on performance. Similarly, it has been shown that supplementation of arginine aspartate for 14 days prior to marathon run did not affect the subsequent performance in trained runners. 

(Chen, S. et al. Arginine and Antioxidant Supplement on Performance in Elderly Male Cyclists: A Randomized Controlled Trial. J. Int. Soc. Sports Nutr. 2010, 7(13); see http://www.jissn.com/content/pdf/1550-2783-7-13.pdf)
The study described in the 2010 Chen article focused on the performance of men between the ages of 50 and 73 who belonged to a cycling club. Their results showed, “An arginine and antioxidant-containing supplement increased the anaerobic threshold and the work at anaerobic threshold at both week one and week three in elderly cyclists. No effect on VO2max was observed. This study indicates a potential role of L-arginine and antioxidant supplementation in improving exercise performance in elderly.” (Chen, S. et al. Arginine and Antioxidant Supplement on Performance in Elderly Male Cyclists: A Randomized Controlled Trial. J. Int. Soc. Sports Nutr. 2010, 7 (13); see http://www.jissn.com/content/pdf/1550-2783-7-13.pdf) The authors explain the possible difference in results between younger and older individuals:
Youthful, healthy, athletic individuals generally have a healthier NO system, compared with aging, unhealthy, sedentary individuals. In humans, exercise capacity declines with advancing age and many individuals lose the inclination to participate in regular physical activity. In healthy adults, arginine can be synthesized in sufficient quantities to meet most normal physiological demands with the rate of de novo synthesis remaining unaffected by several days of an arginine free diet. Our study subjects had an average age >55 years, while other studies included young athletes. This difference may explain the significant improvement on AT [anaerobic threshold] in our study. 

(Chen, S. et al. Arginine and Antioxidant Supplement on Performance in Elderly Male Cyclists: A Randomized Controlled Trial. J. Int. Soc. Sports Nutr. 2010, 7(13); see http://www.jissn.com/content/pdf/1550-2783-7-13.pdf)

The 2012 research article “Acute L-Arginine Alpha Ketoglutarate Supplementation Fails To Improve Muscular Performance in Resistance Trained and Untrained Men” also agrees there is mixed evidence regarding L-arginine’s use to improve sports performance. The study looks at the use of recently developed supplements that have L-arginine combined with alpha ketoglutarate. 

Recently, commercially available L-arginine supplements have been combined with alpha ketoglutarate, in an effort to further improve exercise performance by increasing adenosine triphosphate production through the electron transport chain. Specifically, alpha ketoglutarate is a metabolite produced by the oxidative decarboxylation of isocitrate; a process that occurs in the Krebs cycle. An exogenous supply of alpha ketoglutarate through a supplement such as L-arginine alpha- ketoglutarate (AAKG) could increase Krebs cycle flux thus increasing the rate of acetyl-CoA oxidation. Furthermore, supplementation with alpha ketoglutarate may have a glutamate sparing effect in the body. This is important as alpha ketoglutarate can be replenished through the transamination of glutamate, which is an amino acid necessary for protein anabolism and it is also known to be a very important excitatory nervous system neurotransmitter. Thus, supplementation with alpha ketoglutarate may have both neurological and metabolic ergogenic properties. 

…in the current study, acute AAKG supplementation provided no ergogenic benefit, regardless of the subjects’ training status. Based on the current study an acute ingestion of AAKG is not recommended for healthy individuals to increase maximal strength and muscular endurance for resistance training exercises. 
(Wax, B., et al. Acute L-Arginine Alpha Ketoglutarate Supplementation Fails To Improve Muscular Performance in Resistance Trained and Untrained Men. J. Int. Soc. Sports Nutr. 2012, 9(17); see http://www.jissn.com/content/9/1/17)
Connections to Chemistry Concepts 
(for correlation to course curriculum)

1. Nutritional chemistry—The use of sports supplements and the effects they may or may not have on the body and its health relate to nutritional chemistry.
2. Biochemical processes—All three of the sports supplements in the article relate in some way to biochemical processes. For example, the intake of too much protein, such as in the form of whey protein powder, can trigger a buildup of ketones in the blood. Creatine plays a role in energy production in the body, through the ATP/ADP cycle. L-arginine is converted in the body to nitric oxide.
3. Amino Acids/Proteins—The three sports supplements discussed in the article all have some relation to amino acids and/or proteins. The supplement L-arginine is an amino acid. Amino acids are the building blocks that make up proteins, such as that found in whey protein powder. Creatine, an organic acid, is made from amino acids in the body. The idea of essential versus non-essential amino acids (those the body cannot make versus those the body can make) can also be discussed.
4. Chemical reactions–hydrolysis—The sidebar of the De Antonis article alludes to a hydrolysis reaction. Whey protein hydrolysate, one of the types of whey protein powder, is formed through this reaction.
Possible Student Misconceptions 
(to aid teacher in addressing misconceptions)
1. “I can use a supplement because, even if it doesn’t help my sports performance, it won’t harm me.” The De Antonis article’s descriptions of three different sports supplements illustrate that this is not necessarily true. All three have potential side effects, some of them serious, that may or may not affect users. In addition, supplements are not subjected to the same rigorous tests that drugs must go through before being placed on the U.S. market, so there may not be complete information about their effects, particularly on youth.
2. “If a product says it is ‘natural,’ it is good for me.” The term “natural” on a product label is somewhat ambiguous. It is not well defined but can lead the consumer to think that it is beneficial, safe, and healthy to use. This is not necessarily the case. (http://www.fda.gov/Food/DietarySupplements/UsingDietarySupplements/ucm110567.htm)
3. “If I see a product on the shelf in the store, it will do exactly what the label promises it will do.” Dietary supplements, including the sports supplements described in the article, are not subject to the same regulations as drugs. Supplements do not undergo the same rigorous testing and trials that drugs do to get to market. The manufacturers are responsible for ensuring their claims are true, but often information on the effect of supplements is mixed.
Anticipating Student Questions

(answers to questions students might ask in class)

1. “Why are sports supplements not intended for teenagers?” One organization that takes a stand against the use of sports supplements by teenagers is the National Federation of State High School Associations. Their position statement says it is “due to the lack of published, reproducible scientific research documenting the benefits of their use and confirming no potential long-term adverse health effects with their use, particularly in the adolescent age group.” Instead, they say, “Athletes should be encouraged to pursue their athletic goals through hard work, appropriate rest and good nutrition, not unsubstantiated dietary shortcuts.” (http://www.mshsaa.org/resources/pdf/supplements.pdf) 
2. “What does it mean when a supplement label says, ‘This statement has not been evaluated by the FDA. This product is not intended to diagnose, treat, cure, or prevent any disease’?” The U.S. Food and Drug Administration (FDA) Web site explains, “This statement or ‘disclaimer’ is required by law when a manufacturer makes a structure/function claim on a dietary supplement label. In general, these claims describe the role of a nutrient or dietary ingredient intended to affect the structure or function of the body. The manufacturer is responsible for ensuring the accuracy and truthfulness of these claims; they are not approved by FDA. For this reason, the law says that if a dietary supplement label includes such a claim, it must state in a ‘disclaimer’ that FDA has not evaluated this claim. The disclaimer must also state that this product is not intended to ‘diagnose, treat, cure or prevent any disease,’ because only a drug can legally make such a claim.” (http://www.fda.gov/Food/DietarySupplements/QADietarySupplements/default.htm)
In-class Activities
(lesson ideas, including labs & demonstrations)
1. Students could explore how sports supplement advertisements encourage teenagers to purchase the products. Techniques might include things like before and after photos, scientific diagrams, and endorsements by professional athletes. Students could also discuss reasons teenagers might feel they need to use sports supplements. These might include factors such as gaining an edge in competing for college athletic scholarships, emulating professional athletes, and having a quick fix for dissatisfaction with one’s body and health.

2. Students can make glue from milk. They first add vinegar and heat a milk mixture to form curds, and then filter it to remove the whey. Baking soda is added to neutralize remaining vinegar. The remainder is usable as glue. The December 1993 ChemMatters Teacher’s Guide has a one-page experiment handout. At least one such experiment is available online. (http://www.rsc.org/learn-chemistry/resource/res00000459/glue-from-milk?cmpid=CMP00000529)

3. Small amounts of two specialized chemicals (cyanamide and sarcosine) are needed, but students can synthesize creatine using the procedure in “Synthesis of Creatine—A High School Procedure.” The authors state: “The procedure is well optimized, and to our knowledge represents the greenest route to creatine” and also suggest that the creatine can be used to demonstrate the effect of temperature on solubility in water. (http://greenchem.uoregon.edu/PDFs/GEMsID142.pdf)
Out-of-class Activities and Projects 
(student research, class projects)

1. Students could research the use of sports supplements throughout history. For example, the Background Information section “More on sports supplements” mentioned the use of dried figs, mushrooms, and strychnine by Greek Olympians in BC 776.

2. Students could survey and/or interview student athletes and coaches about their views and experiences with sports supplements.
3. Someone involved in sports medicine, such as a sports dietician, could be invited to speak to the class.

References 
(non-Web-based information sources)


[image: image2]
The ChemMatters article “Anabolic Steroids—The Downside of Bulking Up” discusses the use and risks of anabolic steroids, another substance connected with athletics. (Graham, T. Anabolic Steroids—The Downside of Bulking Up. ChemMatters 2000, 18 (2), pp 12–13)

The ChemMatters article “Drug Detection at the Olympics—A Team Effort” describes testing athletes for prohibited substances at the 2000 Summer Olympic Games. (Morton, R. Drug Detection at the Olympics—A Team Effort. ChemMatters 2000, 18 (4), pp 7–9)

The ChemMatters article “Sports Drinks: Don’t Sweat the Small Stuff” describes what happens to the body during and after exercise, how sports drinks can help, and how to choose a drink wisely. (Graham, T. Sports Drinks: Don’t Sweat the Small Stuff. ChemMatters 1999, 17 (1), pp 11–13)
The ChemMatters article “Say Cheese” provides background on the components of milk, including whey. It also includes a recipe to make a soft cheese, which has a step to separate the curd from the whey. (Baxter, R. Say Cheese. ChemMatters 1995, 13 (1), pp 4–7)

The ChemMatters article “Distance Running” outlines the body’s process of using adenosine triphosphate (ATP) to provide energy; the process includes creatine. (Smith, T. Distance Running. ChemMatters 1989, 7 (1), pp 4–7)
Web Sites for Additional Information 
(Web-based information sources)

More sites on sports supplements

The substance dimethylamylamine (DMAA) is mentioned in the De Antonis article as an example of a harmful ingredient in sports supplements. The U.S. Food and Drug Administration (FDA) Web site has a page that summarizes the dangers of this ingredient and what FDA and manufacturers are doing with products that contain it. (http://www.fda.gov/Food/DietarySupplements/UsingDietarySupplements/ucm110567.htm)


The February 2, 2012, article “Army Studies Workout Supplements After Deaths” in The New York Times discusses investigations into the deaths of two soldiers, which may have had a connection to supplements containing DMAA. (http://www.nytimes.com/2012/02/03/business/army-studies-workout-supplements-after-2-deaths.html?_r=3&) 


The 2006 Pediatrics journal article “Popular Ergogenic Drugs and Supplements in Young Athletes” has information about commonly used drugs and supplements (including creatine), with sections on physiology, effects, adverse effects, legal/sports aspects, and the incidence of use. (http://pediatrics.aappublications.org/content/117/3/e577.full.pdf)


A dietician at Boston College aims to make college students more aware of what is contained in different sports supplements and how to make informed choices. (http://www.bc.edu/offices/dining/nutrition/topics/supplements.html)


Sports, Cardiovascular, and Wellness Nutrition (SCAN) is a group of the Academy of Nutrition and Dietetics; its Web site has a collection of SCAN Fact Sheets with information for sports nutrition, those in the performing arts, general wellness and cardiovascular health, and eating disorders. (http://www.scandpg.org/fact-sheets/)


The October 12, 2011, Lincoln Journal Star article “Do You Know What Your Kid Is Taking? Facts About Sports Supplements” nicely summarizes overall issues and questions surrounding the use of sports supplements by youth. (http://journalstar.com/lifestyles/health-med-fit/do-you-know-what-your-kid-is-taking-facts-about/article_f2c76d96-00bd-517c-b781-0311307c6b2c.html)

More sites on whey protein powder

This report produced by the National Dairy Council in 2007 summarizes and cites several research studies related to the benefits of whey protein. It could be an interesting document to show to students to ask them to evaluate a source of information—does the National Dairy Council have an interest in people using more whey protein? (http://www.adadc.com/WheyResearchFAQ.pdf)


The Discovery Health Web site shares “Whey Protein: What You Need To Know,” including what it does in your body, and potential benefits and side effects. (http://health.howstuffworks.com/wellness/natural-medicine/alternative/whey-protein.htm)

More sites on creatine

An electronic copy of the Journal of the International Society of Sports Nutrition 2006 review article “Dietary Supplements and Sports Performance: Metabolites, Constituents, and Extracts” briefly summarizes various studies and reviews of creatine use in athletes. (http://www.jissn.com/content/3/2/1)


This YouTube video from Axis Labs, a manufacturer of sports supplements, is an advertisement for creatine monohydrate. Students could analyze how it presents the product and some of the science behind it. (http://www.youtube.com/watch?v=BR3dDO1Sz0E)

More sites on L-arginine

The De Antonis article mentions a long list of potential side effects connected with L-arginine use. The Mayo Clinic Web site has a list of side effects and warnings. (http://www.mayoclinic.com/health/l-arginine/NS_patient-arginine/DSECTION=safety)

A press release from Canadian Science Publishing summarizes a 2011 journal article on L-arginine supplementation. (http://www.nrcresearchpress.com/userimages/ContentEditor/1323110176006/APNM UofA press release_ en.pdf)

More Web sites on Teacher Information and Lesson Plans 
(sites geared specifically to teachers)


The Discovery Education Web site includes interactive curricula aimed at the middle school and high school levels. They describe their aim as supporting ethics and decision making, and take an anti-doping viewpoint, as part of the U.S. Anti-Doping Agency. (http://usada.discoveryeducation.com/curriculum.cfm) 

The curriculum packet “Sports Nutrition Kit for High School Classes” is produced by Fraser Health, a Canadian “health authority.” It states, “The kit is intended for high school teachers or coaches who wish to teach their students about the important role nutrition plays in physical activity.” (http://www.fraserhealth.ca/media/SportsNutritionKit.pdf)
The references below can be found on the NEW ChemMatters 30-year CD (which includes all articles published from its inception in September, 1983 through April, 2013). The CD is available from the American Chemical Society at � HYPERLINK "http://www.acs.org" �www.acs.org�.





Selected articles and the complete set of Teacher’s �Guides for all issues from the past three years are also �available—free—online at this same site. Full ChemMatters �articles and Teacher’s Guides are available on the 30-year CD for all past issues (Teacher’s Guides from February 1990), up to 2013. 





Some of the more recent articles (2002 forward) may also be available online at the URL listed above. Simply click on the “Past Issues” button directly below the “M” in the ChemMatters logo at the top of the page. If the article is available online, you will find it there.
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