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About the Guide

Teacher’s Guide editors William Bleam, Donald McKinney, and Ronald Tempest created the Teacher’s Guide article material. E-mail: bbleam@verizon.net
Susan Cooper prepared the anticipation and reading guides. 

Patrice Pages, ChemMatters editor, coordinated production and prepared the Microsoft Word and PDF versions of the Teacher’s Guide. E-mail: chemmatters@acs.org
Articles from past issues of ChemMatters can be accessed from a DVD that is available from the American Chemical Society for $42. The DVD contains the entire 30-year publication of ChemMatters issues, from February 1983 to April 2013. 
The ChemMatters DVD also includes Article, Title and Keyword Indexes that covers all issues from February 1983 to April 2013.

The ChemMatters DVD can be purchased by calling 1-800-227-5558.

Purchase information can be found online at www.acs.org/chemmatters.
Student Questions

1. What per cent of high school students report using PEDs?
2. What is dysmorphia?
3. What was Alex Rodriguez’ penalty for using performance-enhancing drugs?
4. Are anabolic steroids naturally-occurring or synthetic?
5. What chemical structure is common to all steroids?
6. Name the steroid hormone that many PEDs mimic.
7. Describe the two steps by which anabolic steroids build muscle.
8. Identify the PED that is involved with blood doping.
9. List some of the serious medical issues caused by the abuse of PEDs.
10. Are there legitimate medical uses for PEDs like anabolic steroids and EPO?
Answers to Student Questions
1. What per cent of high school students report using PEDs?
The article indicates a 2012 figure of 3.6 % of high school students who use PEDs.
2. What is dysmorphia?
The article says that dysmorphia is a “condition where a person cannot stop thinking about perceived flaws with his or her appearance. Signs and symptoms of this disorder include feelings of distress and obsession with weight training and muscle building and can lead to substance abuse.” The article says that this disorder can lead teenagers to use PEDs.
3. What was Alex Rodriguez’ penalty for using performance-enhancing drugs?
Major League Baseball banned Rodriguez for the entire 2014 season. The article mentions that Rodriguez got his PEDs from Biogenesis of America, a Florida anti-aging company.
4. Are anabolic steroids naturally-occurring or synthetic?
Anabolic steroids are both naturally-occurring and synthetic. The article tells us that many anabolic steroids are actually naturally-occurring human hormones that promote muscle growth. However, the anabolic steroids that are PEDs are synthetic compounds that duplicate the natural compounds.

5. What chemical structure is common to all steroids?
Steroids all are organic compounds which contain three six-carbon rings and one five-carbon ring.
6. Name the steroid hormone that many PEDs mimic.
Virtually all the steroid PEDs are some synthetic variation of the male hormone testosterone. That is the reason that these PEDs are called androgenic-anabolic steroids. “Androgenic” refers to males, and the term gives rise to the abbreviation “andro.”
7. Describe the two steps by which anabolic steroids build muscle.
The first step by which anabolic steroids build muscle is that they enter muscle cells by diffusing through the cell membranes. Then they bind with cell protoplasm and travel to the cell nucleus to activate cell DNA that provides instructions to build muscle protein.
8. Identify the PED that is involved with blood doping.
The substance involved with blood doping is called erythropoietin (EPO). It increases the production of red blood cells.
9. List some of the serious medical issues caused by the abuse of PEDs.
The article lists several side effects of PEDs abuse: shrinking of the testicles due to the decrease in natural production of testosterone, premature baldness due to increased production of dihydrotestosterone, liver damage, heart disease and sterility and stunted growth.
10. Are there legitimate medical uses for PEDs like anabolic steroids and EPO?
Yes, legitimate medical uses for PEDs exist. Anabolic steroids are used to treat hormone imbalance, delayed puberty and anemia. Medical uses for EPO include anemia and kidney failure.
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. Less than 1% of high school students report taking steroid pills.

	
	
	2. Anabolic steroids are synthetic drugs that promote muscle growth.

	
	
	3. Testosterone, estrogen, and cholesterol are steroids.

	
	
	4. Anabolic steroids activate genes in the DNA of the nuclei of cells.

	
	
	5. Anabolic steroids are the same as steroids produced naturally by the body.

	
	
	6. Erythropoietin (EPO) causes the bone marrow to produce more red blood cells.

	
	
	7. Exercise affects the pH of the blood. 

	
	
	8. Hemoglobin molecules hold oxygen atoms as they travel around the body.

	
	
	9. Anabolic steroids and EPO cause more serious side effects in adults than in teenagers.

	
	
	10. Anabolic steroids and EPO have important medical uses.


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 explain the information to a person who has not taken chemistry. Students should provide evidence from the article or other references to support reasons why use of PEDs may be dangerous, especially to teenagers.

2. Vocabulary and concepts that are reinforced in this issue:

· Carbohydrates

· Equilibrium

· Structural formulas 

· Emulsifier

· Polarity

· Surfactant

· Surface tension

3. To help students engage with the text, ask students which article engaged them most and why, or what questions they still have about the articles.

Directions:  As you read the article, complete the graphic organizer below to compare different chemicals found in Performance-Enhancing Drugs (PEDs).
	
	Testosterone
	Methenolone
	Erythropoietin (EPO)

	Type of chemical
	
	
	

	Elements in the compound
	
	
	

	Describe structure in words
	
	
	

	Why it is used
	
	
	

	How it is used 
	
	
	

	Famous athlete use
	
	
	

	How it works
	
	
	

	Problems if used by teenagers
	
	
	


Background Information 
(teacher information)

How widespread is the use of performance-enhancing drugs among adolescents? According to the Center for Disease Control and Prevention “Youth Risk Behavior Report” for 2011:

Nationwide, 3.6% of students had taken steroid pills or shots without a doctor's prescription one or more times during their life (i.e., ever took steroids without a doctor's prescription) (Table 57). Overall, the prevalence of having ever taken steroids without a doctor's prescription was higher among male (4.2%) than female (2.9%) students; higher among black male (4.5%) than black female (1.3%) students; and higher among 10th-grade male (4.0%) and 12th-grade male (3.7%) than 10th-grade female (2.3%) and 12th-grade female (1.9%) students, respectively. Overall, the prevalence of having ever taken steroids without a doctor's prescription was higher among Hispanic (4.3%) than black (2.9%) students and higher among white female (2.8%) and Hispanic female (4.3%) than black female (1.3%) students. Overall, the prevalence of having ever taken steroids without a doctor's prescription was higher among 9th-grade (4.2%) than 12th-grade (2.8%) students and higher among 9th-grade female (3.9%) than 12th-grade female (1.9%) students. The prevalence of having ever taken steroids without a doctor's prescription ranged from 1.8% to 6.1% across state surveys (median: 3.4%) and from 1.8% to 5.2% across large urban school district surveys (median: 3.7%) (Table 58).

Among students nationwide, the prevalence of having ever taken steroids without a doctor's prescription increased during 1991–2003 (2.7%–6.1%) and then decreased during 2003–2011 (6.1%–3.6%). The prevalence of having ever taken steroids without a doctor's prescription did not change significantly from 2009 (3.3%) to 2011 (3.6%).

(http://www.cdc.gov/mmwr/preview/mmwrhtml/ss6104a1.htm)

An article published in the journal Pediatrics in 2012, indicated that:

OBJECTIVE: Media images of men and women have become increasingly muscular, and muscle-enhancing techniques are available to youth. Identifying populations at risk for unhealthy muscle-enhancing behaviors is of considerable public health importance. The current study uses a large and diverse population-based sample of adolescents to examine the prevalence of muscle-enhancing behaviors and differences across demographic characteristics, weight status, and sports team involvement.

METHODS: Survey data from 2793 diverse adolescents (mean age = 14.4) were collected at 20 urban middle and high schools. Use of 5 muscle-enhancing behaviors was assessed (changing eating, exercising, protein powders, steroids and other muscle-enhancing substances), and a summary score reflecting use of 3 or more behaviors was created. Logistic regression was used to test for differences in each behavior across age group, race/ethnicity, socioeconomic status, BMI category, and sports team participation.

RESULTS: Muscle-enhancing behaviors were common in this sample for both boys and girls. For example, 34.7% used protein powders or shakes and 5.9% reported steroid use. Most behaviors were significantly more common among boys. In models mutually adjusted for all covariates, grade level, Asian race, BMI category, and sports team participation were significantly associated with the use of muscle-enhancing behaviors. For example, overweight (odds ratio = 1.45) and obese (odds ratio = 1.90) girls had significantly greater odds of using protein powders or shakes than girls of average BMI.

CONCLUSIONS: The use of muscle-enhancing behaviors is substantially higher than has been previously reported and is cause for concern. Pediatricians and other health care providers should ask their adolescent patients about muscle-enhancing behaviors.

(http://pediatrics.aappublications.org/content/early/2012/11/14/peds.2012-0095.abstract)

A more recent report in 2014, from MarketWatch online reported even more concerning numbers about steroids and human growth hormone:

NEW YORK, July 23, 2014 New, nationally projectable survey results released today by the Partnership for Drug-Free Kids confirmed a significant increase – a doubling – in the reported lifetime use of synthetic human growth hormone (hGH) among teens. According to the latest Partnership Attitude Tracking Study (PATS), sponsored by MetLife Foundation,11 percent of teens in grades 9-12 reported "ever having used" synthetic human growth hormone without a prescription, up dramatically from just 5 percent in 2012.
These findings underscore teens' growing interest in performance enhancing substances, as well as the need for tighter regulation and more accurate labeling of "fitness-enhancing" over-the-counter products implying they contain synthetic hGH . . .

. . . African-American and Hispanic teens are more likely to report use of synthetic hGH, with 15 percent of African-American teens, 13 percent of Hispanic teens and 9 percent of Caucasian teens saying they used synthetic hGH at least once within their lifetime. Both boys and girls report use of synthetic human growth hormone and steroids without a prescription. The PATS study found no significant difference between the proportions of teen boys vs. teen girls, who report using synthetic hGH (12 percent vs. 9 percent, respectively).
In addition to the reported increase in teen use of synthetic hGH, PATS confirms a gradual, long-term increase in teens' reported lifetime use of steroids. Steroid use among teens has increased from 5 percent in 2009 to 7 percent in 2013. The PATS data show a strong correlation between the use of synthetic hGH and steroids. Currently, one in five teens (21 percent) reports that at least one friend uses steroids, and another one in five teens (21 percent) believes it is easy to obtain steroids. Both of these measures improved in 2010 and have since remained consistent.
(http://www.marketwatch.com/story/national-study-teens-report-higher-use-of-performance-enhancing-substances-2014-07-23)


The topic is an important one for students to understand, and can provide you with an opportunity to discuss with your students the importance of their being aware of the scientific evidence about performance-enhancing drugs.

Although the article emphasizes anabolic steroids and blood doping, these are only two of a broader array of performing enhancing drugs. The World Anti-Doping Agency (WADA), the international agency that monitors drugs prohibited in sports, lists five classes of prohibited substances: anabolic agents, peptide hormones and growth factors, beta-2 agonists, hormone and metabolic modulators and diuretics. It will not be possible in this Teacher’s Guide to list them all, but you can check many of the web links to see more comprehensive lists. We will emphasize steroids and blood doping and provide additional information on the PEDs listed in the WADA manual.

WADA was established in 1999 as an international independent agency composed of and funded equally by the sport movement and governments of the world. Its key activities include scientific research, education, development of anti-doping capacities, and monitoring of the World Anti Doping Code (Code)—the document harmonizing anti-doping policies in all sports and all countries. WADA is a Swiss private law Foundation. Its seat is in Lausanne, Switzerland, and its headquarters are in Montreal, Canada.


Below is a summary of the most common PEDs from How Stuff Works:
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(http://entertainment.howstuffworks.com/athletic-drug-test1.htm)

More on anabolic steroids

Anabolic agents, primarily hormones, are substances that promote tissue growth, as opposed to catabolic agents, which promote tissue breakdown. Anabolic agents are, as the article describes, primarily steroids. This chemical description of steroids was adapted from the ChemMatters Teacher’s Guide for “Those Raging Hormones”, December 2010:
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Chemically, steroids all have a basic four-ring structure in common. There are three six-sided (cyclohexane) rings along with one five-sided (cyclopentane) ring. See the diagram below right. Rings A-C are the cyclohexane rings and ring D is the cyclopentane ring.
This four-ring structure forms the backbone of the cholesterol molecule. Functional groups may be added to the basic structure to produce analogs. Cholesterol is classified as a lipid compound. Most lipids are fat-soluble, allowing them to pass through cell walls easily. Steroids help control metabolism, inflammation, electrolyte balance in the body, and, most importantly, in the context of the article, they help to build muscle mass.
Even though the article includes a diagram of the steroid nucleus with the carbon atoms numbered, we are providing the diagram below for your reference. For additional details on steroid nomenclature and numbering, see http://www.chem.qmul.ac.uk/iupac/steroid/.
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(http://commons.wikimedia.org/wiki/File:Steran_num_ABCD.svg)
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The body produces steroids naturally. In males, cortisol and testosterone are the main steroids, and these are functionally considered hormones. The main steroid hormones in females are estrogen and progesterone. Among other functions, these steroids build muscle and bone mass by stimulating tissue to produce more protein. It is very important to note to students that, as the article says, what we commonly refer to as “anabolic steroids” are actually synthetic versions of testosterone and its derivatives. They are created chemically in laboratories to mimic and augment the natural version. The chemical structure of testosterone is shown at left. Derivative compounds add varying functional groups to the basic testosterone structure. In addition to testosterone, commonly used steroids include dihydrotestosterone, androstenedione (andro), dehydroepiandrosterone (DHEA), clostebol and nandrolone. These synthetic steroids stimulate skeletal muscle growth by triggering more rapid protein development. This is the basic reason why athletes use PEDs—the added muscle enhances athletic performance.
However, they also have potentially harmful side-effects. Because steroids are broken down in the liver, they may cause jaundice and other liver damage. Other well-documented side-effects include mood swings, depression and aggression, because steroids act on various centers of the brain. In males they may interfere with normal sexual function and cause baldness, infertility and breast development. In females they cause male characteristics to develop and interfere with normal female functions.

Another steroid related to testosterone is androstenedione, which is a naturally-occurring human hormone. It is a precursor of both testosterone and estradiol, which means it is converted into those substances in the body. It is a controlled substance, available legally by prescription only. You can compare the three structures below to see the similarities.
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      Androstenedione
      Testosterone
      Estradiol
(http://www.huvepharma.com/products/view/176)
(https://knowledgeserver.wordpress.com/2011/08/04/testosterone/comment-page-12/)

(http://www.theodora.com/drugs/estrogel_006_solvay.html)

Testosterone is a sex hormone produced by the testes that encourages the development of male sexual characteristics and stimulates the activity of the male secondary sex characteristics. Chemically, testosterone is 17-beta-hydroxy-4-androstene-3-one.
Estradiol is a white crystalline powder, chemically described as estra-1,3,5(10)-triene-3,17 (beta)-diol. It has an empirical formula of C18H24O2 and molecular weight of 272.39. It is the principal estrogenic hormone. That is, it is the most important hormone that causes female sex characteristics.
Note that androstenedione—commonly called “andro”—can be converted to testosterone by a very small change at 17 oC, and can be converted to estradiol by another small change at 3 oC. It is, therefore, another PED used by athletes in an attempt to gain an advantage. Athletes who abuse andro hope that the extra amount of the drug in their body will be converted to testosterone to build muscle and prolong workouts. There is some research, however, that debunks the effectiveness of andro, indicating that most of the synthetic version of the drug is actually converted to estradiol.
The side effects in men include shrinking of the testicles, diminished sperm production, acne and breast enlargement. Females risk masculinization and acne. In both sexes andro decreases HDL cholesterol which may lead to increased risk of stroke or heart attack.

More on blood doping

In order to understand how blood doping, the second of the performance-enhancing methods described in the article, works, your students may need a quick review of the way blood circulates oxygen to cells throughout the body.
The cells in our bodies require oxygen for cellular respiration. Oxygen enters the lungs when we inhale. In the lungs oxygen diffuses across the very thin walls (less than 1 micrometer thick) of the more than 300 million alveoli and passes into the bloodstream via capillaries in the circulatory system. Alveoli provide a surface area of more than 70 m2 to permit the gas exchange to occur. Even so, only about 50% of the inhaled O2 migrates to the blood from the lungs.
The oxygen transport process is dependent on the partial pressure of oxygen in the system. Henry’s Law describes this relationship:

     p = (Kh)(c)

where p is the partial pressure of the gas above the solution, c is the concentration of the dissolved gas and Kh is a constant (Henry’s constant) with the dimensions of pressure divided by concentration. Inhaled oxygen in the lungs has a relatively high partial pressure compared to the partial pressure of O2 in the blood stream. So oxygen will dissolve in the blood directly but only slightly due to the low solubility of oxygen in water.

The partial pressure of oxygen also influences positively the ability of hemoglobin to take up oxygen. The relatively higher oxygen partial pressure at the lung-blood stream interface causes oxygen to be bonded to hemoglobin molecules once the blood is saturated with dissolved molecular oxygen. As the blood moves through the arterial circulatory system to peripheral cells, it encounters cells with lower oxygen partial pressures because aerobic respiration is taking place here, using up oxygen. In these peripheral cells (muscle cells, for example) oxygen is being used up and carbon dioxide is being produced. So in these cells the partial pressure of CO2 is higher and it is dissolved in the venous blood to be returned to the lungs as the article notes.


As noted above, a small amount (about 2%) of oxygen dissolves in molecular form in the blood, but most is bonded to hemoglobin (Hb) molecules, which are densely packed proteins in human red blood cells. Hemoglobin is important because oxygen is not very soluble in water (major blood component) and so it is the Hb that transports most oxygen to the cells. There are approximately 150,500,000,000,000,000,000 hemoglobin molecules in 100 ml of whole blood. Each of these Hb molecules can transport four molecules of oxygen.

How does Hb transport oxygen? Hemoglobin’s structure is shown below. It is a globular protein. That is, it is folded in such a way as to form an approximate sphere. Folding of protein molecules is the result of hydrogen bonding between atoms within the large, complex molecule. There are four protein sub-units that make up the molecule (blue and purple in the diagram)—two α-globin chains and two β-globin chains. The chains are folded and inside each of the folds is a planar structure called a porphyrin (left side of diagram). At the center of the porphyrin is an Fe+2 ion. The iron-porphyrin structures are called hemes. In chemical terms the porphyrin structure is called a ligand which forms a bond with the iron. Recall that ligands are neutral molecules or ions that have a lone electron pair that can be used to form a bond to a metal ion. The bonds that are formed using the electron pair from the ligand will therefore, by definition, be coordinate covalent bonds. Iron has a coordination number of 6, meaning that it can form six such bonds. In the heme structure, the iron is bonded to a) four nitrogen atoms that make up the porphyrin structures. The nitrogen atoms contribute the lone pair; b) one more nitrogen that connects to a histidine protein from the larger hemoglobin molecule; and c) finally, to a molecule of oxygen.
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(http://www.buzzle.com/articles/structure-of-hemoglobin.html)


As oxygen enters the blood, each of the four heme structures in the hemoglobin molecule binds one oxygen molecule and then the Hb molecule transports the four molecules to other parts of the body. Each gram of Hb can combine with 1.34 ml of oxygen. Normal blood contains about15g Hb/100ml of blood so the oxygen carrying capacity of Hb is 20 ml oxygen/100 ml blood. As the blood circulates to periphery cells the dissolved molecular oxygen is used first by the cells. This reduces the partial pressure of oxygen in the blood and as a result the oxygen is more easily released from the hemoglobin molecule to enable aerobic cellular respiration.


You can see that the oxygen content of the blood and, therefore, the oxygen available in cells, especially muscle cells in this context, is dependent on the hemoglobin content of the blood. More hemoglobin would mean more available oxygen and that, in turn, would mean that athletes could exercise longer or more strenuously. That would lead to enhanced performance.


Athletes try to increase available oxygen in the blood by 7 to 10 per cent by taking erythropoietin or, more specifically, its synthetic form called epoetin. This protein is produced in the kidneys and it stimulates bone marrow to produce red blood cells (erythropoiesis). More blood cells means more hemoglobin and more hemoglobin means more oxygen available to cells during periods of extreme exertion.

EPO is actually not one compound but a large family of molecules. Known as glycoproteins, the structures are composed of a protein with four carbohydrate sectors as shown in blue, yellow and purple in the schematic below. The protein portion is always the same, as are the locations at which the carbohydrate domains are attached.
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Since the development of a synthetic form of EPO in 1985, it is possible to artificially stimulate hemoglobin production by injecting the synthetic form into the body.

Erythropoiesis-stimulating agents (ESAs) like EPO are most often used as blood doping agents in endurance sports, such as cycling, rowing, distance running, cross country skiing, the biathlon, and the triathlon. It was EPO that was abused by many cyclists, including Lance Armstrong.


The health risks of using EPO include increased chances of heart attack, stroke and pulmonary edema. Some researchers theorize that the drug thickens the blood to the point where it produces fatal clots.

In addition to injecting EPO in order to increase the oxygen content of the blood, it is possible to inject artificial oxygen carriers that can transport oxygen in the blood stream. Chemicals that have been used for this purpose include perfluorocarbons and synthetic hemoglobins. Another method of enhancing the blood is to infuse whole blood into an athlete just before competition.

Still another method is to train at high altitudes where O2 concentration is lower than at sea level. At 8000 ft. elevation, for example, the oxygen concentration in the atmosphere is about 75% of that at sea level. As a result, the partial pressure of O2 in the blood is lower and that, in turn, stimulates increased red blood cell production. If athletes who train this way then return to sea level conditions their blood will have added oxygen carrying capacity and a competitive advantage.
.

More on other PEDs


The remainder of this section will provide less detailed information on PEDs not discussed in the article.

Human growth hormone (hGH) acts in a way similar to that of anabolic steroids. It increases muscle mass. The substance occurs naturally in the human body; the pituitary gland produces it to stimulate growth in children and adolescents and to increase muscle mass in adults. The synthetic form is used as a PED. It stimulates the production of male and female sex hormones, but is only effective in increasing muscle mass in males. It is also the hormone detected in most home pregnancy kits. Health risks include joint pain, muscle weakness, fluid retention, hypertension and diabetes.
Beta-2 Antagonists – The best known of this group is albuterol, which is used to prevent and treat wheezing, shortness of breath, coughing, and chest tightness caused by lung diseases such as asthma and chronic obstructive pulmonary disease (COPD). It is in a class of medications called bronchodilators that work by relaxing and opening air passages to the lungs to make breathing easier. Why would drugs like this be used to enhance athletic performance? Remember the intent of blood doping (see above)—it is to increase oxygen flow to muscle cells. Some athletes believe that using beta-2 antagonists actually increases lung capacity thereby increasing oxygen flow. Research indicates that inhaled albuterol does not improve athletic ability, but the drug can be taken orally (swallowed) or by injection. Administered this way, the drug behaves like an anabolic steroid—it increases muscle mass. Other drugs in this class include clenbuterol, terbutaline, slabutamol, fenoterol and bambuterol. Health risks include nausea, dizziness, headaches, muscle cramps and rapid heartbeat.
Hormone and Metabolic Modulators – These are chemicals that inhibit or moderate the effects of other substances in the body. For instance hormone modulators limit the production or effectiveness of the body’s hormones. One such recent anti-doping case involving the hormone modulator tamoxifen is described on the What Works web site:

In June 2012, outfielder Marlon Byrd faced a 50-game suspension after testing positive for tamoxifen, a substance banned from Major League Baseball and many other sports. Why would an athlete want to take a drug normally used by breast-cancer patients? The answer lies in some interesting biochemistry.
Many breast cancers have receptors for estrogen, a hormone that promotes the development and maintenance of female characteristics of the body. When estrogen molecules fit into these receptors, like a key fitting into a lock, the malignant cells become activated. Tamoxifen blocks these estrogen receptors, interfering with the cancer's ability to grow and develop. This is why scientists refer to tamoxifen as an anti-estrogenic agent.

Now let's turn our attention to a home-run slugger taking steroid injections -- usually synthetic testosterone -- to grow his muscles. Large doses of the male hormone cause the body to produce additional estrogen. This in turn can result in enlarged breasts, a feature that most power hitters find unappealing. To counteract the effects of estrogen and mask their steroid use, these players may opt to take tamoxifen. That means anti-estrogens don't really enhance performance, but, because they alleviate symptoms of PEDs, they appear on the World Anti-Doping Agency's list of more than 200 banned substances and methods.
(http://science.howstuffworks.com/10-performance-enhancing-drugs.htm#page=9)

An important banned metabolic modulator is insulin. Although we think of it in the context of diabetes, it is actually an anabolic agent. Insulin helps to move glucose and amino acids into muscle cells and aids in the synthesis of glycogen, lipids and proteins, thereby creating more lean muscle mass. Combined with anabolic steroids, it prevents muscle tissue breakdown. The synthetic form is used as a PED.


For a more extensive list of these modulators see https://sites.google.com/site/playingclean/Is-It-Banned/banned-substances-at-all-times/hormone-and-metabolic-modulators.


You can see the complete list of substances and other methods of enhancing sports performance prohibited by the World Anti-Doping Agency here: http://www.usada.org/wp-content/uploads/2014-wada-prohibited-list.pdf.


Diuretics are drugs that change the body’s natural balance of electrolytes, primarily sodium and chlorine. Their typical mode of action is to increase the concentration of sodium ion in urine, and as a result the volume of water that is turned into urine is also increased. So the total volume of urine is increased. The net effect is to dilute all the solutes in urine, including any PEDs or their metabolites. Athletes using PEDs hope that the reduction in PED concentration in urine will decrease the chances of PEDs being discovered in the urine. Diuretics are sometimes thought of as masking agents for PEDs. This loss of water can also decrease an athlete's weight, helping him or her to compete in a lighter weight class, which many athletes prefer.
Connections to Chemistry Concepts 
(for correlation to course curriculum)
1. Organic compounds—All of the chemical compounds described in the article are organic.

2. Synthetic compounds—Most of the chemicals described in the article occur in nature but it is a synthetic analog of each that is abused as a PED.

3. Biochemistry—The article is a good starting point for a conversation with students about the interdisciplinary nature of modern chemistry—in this article, the way chemistry and biology are intertwined.

4. Hormones—Most of the PEDs are, in fact, human hormones, compounds that regulate body processes.

5. Aerobic respiration—All of the blood doping discussion in the article is based on the oxygen needs of aerobic cellular respiration.
6. Chemistry and health—Students should be aware of how much of their health is based on chemical processes functioning normally and how these processes can be altered by chemicals they consciously put into their bodies.

7. Coordination chemistry—The hemoglobin-oxygen connection, the process that underlies blood doping, is the result of coordination complexes.

8. Henry’ s Law—oxygen solubility, in molecular form and as part of hemoglobin, is dependent on the partial pressure of oxygen in the system.

9. Solubility—The concentration of many substances referred to in the article is a major factor in PED use—oxygen in blood, PEDs in urine, and increased concentration of steroids in the body are examples.

Possible Student Misconceptions 
(to aid teacher in addressing misconceptions)
“All performance-enhancing drugs are illegal—in addition to being banned by sports governing agencies.” All of the PEDs discussed in the article and in this Teacher’s Guide are illegal to use without a prescription. See http://www.deadiversion.usdoj.gov/pubs/brochures/steroids/professionals/ for more on the law. However, there are hundreds of over-the-counter supplements and other products that are available in stores and on the internet. For example, here is a listing of a few of these available products: bicarbonate, beta-hydroxy-beta-methylbutyrate (HMB), creatine, calcium, carbohydrate powders and gels, glucosamine and chondroitin, intramuscular iron, intramuscular vitamin B12, liquid meal replacements, melatonin, recovery formulas, sports energy bars, skim milk powder, sports drinks, and specific vitamins and minerals.
Anticipating Student Questions
(answers to questions students might ask in class)
1. “Aren’t all steroids bad for you?” No, all steroids are not harmful to humans. You are probably thinking of artificial anabolic steroids that are taken by athletes to enhance performance. Many chemical compounds, some of them occurring naturally in the body and some that are used as medicines, are steroids. The term “steroid” refers to a specific chemical structure, not to something that is bad.
2. “The term ‘synthetic analog’ is used in the article. What is that?” Students probably understand that “synthetic” refers to a substance that is made from shelf chemicals rather than extracted from nature. As the term “analog” is used in the article, it refers to a molecule that has been synthesized to be either identical to the naturally-occurring molecule or to be a slight variation of the natural molecule that is more effective than the original. The sentence in the article that describes this is “In laboratories, scientists change the chemical structure of testosterone to maximize its performance.”
3. “Both steroids and blood doping agents are referred to as ‘hormones’. What do hormones do?” Hormones are chemicals that regulate biochemical processes. Many common human processes are started, stopped and moderated by hormones—processes like digestion, metabolism, respiration, tissue function, growth and development, movement and reproduction. Very small quantities of hormone are required in order to be effective. Many hormones are proteins, which includes the anabolic steroids and hemoglobin mentioned in the article. So PEDs are often chemicals that increase the amount of hormone in the body, thereby increasing the desired process like muscle growth or oxygen supply.

In-Class Activities

(lesson ideas, including labs & demonstrations)
1. You might want to have students learn more about how their muscles work via this procedure: http://www.teachengineering.org/view_lesson.php?url=collection/cub_/lessons/cub_human/cub_human_lesson02.xml.

2. Although this lab activity is for a biology class, it will be of interest to students studying muscle structure: https://www.cabrillo.edu/~pdarcey/Bio%2013A/bio13alab/bio13alabs_pdf/13alab_6musc_spr09.pdf.

3. This set of muscle-related lab activities will give students a better idea of how muscles function. (https://www.utmb.edu/tstem/nsbri/no_pain_no_gain.pdf)

4. The chemistry of muscle fatigue is included in this lab activity: https://www.google.com/webhp?sourceid=chrome-instant&ion=1&espv=2&es_th=1&ie=UTF-8#q=muscle+lab+activities&start=10.

5. The reason that people use PEDs is to improve athletic performance which is dependent on cellular respiration. Students can review their understanding of cellular respiration with this lab from the AP biology curriculum: http://media.collegeboard.com/digitalServices/pdf/ap/bio-manual/Bio_Lab6-CellularRespiration.pdf.

6. This lab procedure illustrates Henry’s Law regarding the relationship between pressure and solubility of a gas: http://chemmovies.unl.edu/chemistry/smallscale/SS038.html.

7. This two-part lesson plan series from Discovery Education includes activities on performance-enhancing drugs and their effects.

a) Part 1: http://www.discoveryeducation.com/teachers/free-lesson-plans/thats-dope-part1.cfm and

b) Part 2: http://www.discoveryeducation.com/teachers/free-lesson-plans/thats-dope-part2.cfm.

8. You might consult this lesson plan about the history of PEDs from CTE online and assign each student an athlete or case study to report on in class: http://www.cteonline.org/portal/default/Curriculum/Viewer/Curriculum?action=2&view=viewer&cmobjid=198213.
9. A lot of information about the pros and cons of PEDs is contained in this web site. You could create a class debate using this sources as the basis for research. (http://sportsanddrugs.procon.org/)
Out-of-class Activities and Projects 
(student research, class projects)
1. Students might consult with the school nurse to work as a class on developing an anonymous survey that they give to other students about PED usage in your school.
2. Teams of students might create an awareness campaign about PEDs that they take to students in younger grades in your school district.

3. You might consult this lesson plan about the history of PEDs from CTE online and assign each student an athlete or case study to report on in class. (http://www.cteonline.org/portal/default/Curriculum/Viewer/Curriculum?action=2&view=viewer&cmobjid=198213)
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Graham, T. Anabolic Steroids: The Downside of Bulking Up. ChemMatters 2000, 18 (2), pp 12–13. This article will provide you with additional background information about anabolic steroids and drug testing for athletes.
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Tinnesand, M. Your Body under Construction. ChemMatters 2011, 29 (4), pp.14–16. Although this article is about human hormones, it contains a lot of information that will help students understand steroid-based PEDs.

Web Sites for Additional Information 
(Web-based information sources)
More sites on performance-enhancing drugs

The U.S. Anti-Doping Agency Web site has extensive information on banned substances, testing procedures, science research and many other resources you can consult. It is an excellent source. (http://sportsanddrugs.procon.org/view.answers.php?questionID=1200)

The World Anti-Doping Agency (WADA) is a leading authority on PEDs: https://www.wada-ama.org/.

This site provides a lot of pro-con perspectives on performance-enhancing drugs: http://sportsanddrugs.procon.org/view.answers.php?questionID=1200.

The American Academy of Orthopaedic Surgeons has an extensive Web site on PEDs at http://www.aaos.org/news/aaosnow/oct08/clinical9.asp.


How Stuff Works details 10 PEDs that are not steroids. (http://science.howstuffworks.com/10-performance-enhancing-drugs.htm)
More sites on anabolic steroids


This web site provides infographics about the history of steroid use among athletes: http://www.weighttraining.com/features/steroids-in-sports.


This 2014 report from MarketWatch reveals recent trends in PED use among adolescents: http://www.marketwatch.com/story/national-study-teens-report-higher-use-of-performance-enhancing-substances-2014-07-23.


From the Mayo Clinic, this site provides some PEDs basics and suggestions on how to help students resist. (http://www.mayoclinic.org/healthy-living/tween-and-teen-health/in-depth/performance-enhancing-drugs/art-20046620)


WebMD has created a basic primer on steroid abuse; find it here: http://www.webmd.com/men/guide/anabolic-steroid-abuse-topic-overview.


A wealth of information is available via the National Institute on Drug Abuse (NIDA) at http://www.drugabuse.gov/publications/drugfacts/anabolic-steroids.


NIDA also has a Web page on steroids, addressed specifically to teens, at http://teens.drugabuse.gov/drug-facts/anabolic-steroids.

More sites on blood doping

WebMD provides blood doping basics at http://www.webmd.com/fitness-exercise/blood-doping.


This article, accessed on the National Library of Medicine site, explains the ins and outs of blood doping: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3372716/.


Linus Pauling studied hemoglobin, and his research provides an interesting backdrop to blood doping: http://scarc.library.oregonstate.edu/coll/pauling/blood/narrative/page1.html.


This is a resource from the University of Michigan that helps to explain the science of how oxygen is transported via the blood: http://www.umich.edu/~projbnb/cvr/O2transport.pdf.
More sites on Biogenesis

Even though this company gets minor mention in the article, the scandal that surrounds it and many of its athlete clients is of some interest.

· Linked here is a series of news stories about the company: http://www.miaminewtimes.com/specialReports/tony-bosch-and-biogenesis-mlb-steroid-scandal-3698782/.

· Here is a brief summary of the history of the Biogenesis scandal: http://www.mlbdailydish.com/2013/2/6/3961640/drugs-and-money-the-biogenesis-scandal-summary.

· This CSB story recounts allegations that Biogenesis supplied PEDs to adolescents: http://www.cbssports.com/general/eye-on-sports/22902433/report-biogenesis-clinic-supplied-teens-with-peds.

· This site contains a recent news update on the scandal: http://www.masslive.com/sports/index.ssf/2014/08/biogenesis_ped_scandal_clinic.html.
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