Fitness Supplementation
By Ingrid Schaefer Sprague
Fitness is defined as the “state or condition of being physically fit, especially as the result of exercise and proper nutrition” by Webster’s II New College Dictionary.(Webster’s II New College Dictionary, 2001) 
The importance of exercise in a fitness regimen has gained increased attention over the last several decades. The benefits of aerobic exercise, weight training, and resistance training are known by much of the American population now. 
Exercise coupled with diet is a proven formula for weight reduction. However, the impact of exercise extends beyond losing pounds. Published studies show with a moderate to high exercise routine, most people will gain an average of 1 to almost 4 years to their lifespan (Jonker JT et al 2006; Franco OH et al 2005). Furthermore, these will be healthful years – that is, quality years – due to enhanced cardiovascular, respiratory, and musculature systems. The same studies show a longer period of time to development of either cardiovascular disease or diabetes. A moderate level of activity such as walking briskly for 3 hours per week reduces the incidence of developing many chronic health problems.(Chakravarthy MV et al 2002)
These gains are not limited to those people with initial optimal health either. Exercise is proven to improve the quality of life in people disabled by diabetes, muscular dystrophy, stroke, multiple sclerosis, myasthenia gravis, and chronic obstructive pulmonary disease, (Stout JR et al 2001, Rochester CL 2003). Regular exercise can improve blood glucose control, delay or prevent Type 2 diabetes, offset age-associated increases in inflammatory cytokines, and reduce cardiovascular risk, diabetes-related mortality, and depression. (Goldney RD, et al 2004, Vitartaite A, et al 2004,  Babyak M, et al 2000; Suh MR, et al 2002; Church TS, et al 2004, Short KR, et al 2003; American Diabetes Association 2003, McFarlin BK et al 2004)

The elderly and the young, particularly those with health conditions related to their age groups, may achieve greater fitness with an exercise program and dietary supplements. Routine exercise contributes to thicker and stronger bones, in contrast to the weak, brittle bones experienced by lack of exercise.(Martini FH 2005) This is seen in the elderly and disabled. Studies of post-menopausal women have shown exercise produces increased mineral density of bone at the hip and femoral sites, both areas with particularly high fracture rates in the elderly, as well as the forearm and lumbar spine.(Cussler EC et al 2005; Kerr D et al 2001) Older adults with knee osteoarthritis showed improved balance following an exercise regimen of weight training and aerobics.(Messier SP et al 2000) Furthermore, associated weight reduction also improves the status of knee osteoarthritis.(Miller GD et al 2003) In the younger population, male androgens and female estrogens guide bone formation during puberty. Regular exercise in childhood and teen years can help ensure healthy bone late in life. Even exercise performed by a pregnant woman can influence the size of her infant!(Clapp JF 3rd 2003)
Exercise has been shown to alleviate depression. Additional psychological – and physical - benefits of exercise result from an enhanced self-image and quality of life.(Elavsky S et al 2005, Schechtman KB et al 2001) One study associated a positive self-perception of aging influenced longevity by 7.5 years!(Levy BR et al 2002)

In the quest to maximize the benefits of exercise, many people look to augment their fitness routine with vitamins, minerals, and nutritional supplements. Under certain conditions, these supplements do improve workout regimens. While studies indicate the useful of certain supplements in health conditions, such as creatine in amyotrophic lateral sclerosis (ALS) and other neuromuscular diseases as well as coenzyme Q10 for muscular dystrophy (Klivenyi P et al 1999, Wallimann T et al 1998, Cooperman T et al 2003), more research is needed.(Mazzini L et al 2001).
While most dietary supplements are manufactured as nutriceuticals (a food or part of food with medical benefits) available in stores, other ways to derive supplements include following the Indian dietary ideology of Ayurveda or Amish herbal practices.(Workman J 2002; Quillin P 1996)

To maximize the benefits from fitness supplements, the most accurate, up-to-date information is needed. 
Metabolism – Getting the Energy We Need
In order to understand the health benefits of exercise, proper nutrition, and correct choice of supplements, we need to understand our body’s metabolism. 
When we consume food, it is ultimately broken down on the molecular level into components we use for energy. Organic molecules, including amino acids, lipids, and simple sugars, are broken down in a process called catabolism, which is finished in cell mitochondria – the powerhouse of a cell. Adenosine triphosphate (ATP) is produced mostly in the mitochondria.

This ATP is necessary for a variety of functions, including movement, contraction, cell division, and other functions. Furthermore, ATP is essential for anabolism, the synthesis of new organic molecules, which are used to perform repair, support growth, and produce secretions. When living cells use ATP, a high-energy phosphate bond is broken to release the energy, thereby creating adenosine diphosphate (ADP).
When we digest food, carbohydrates are broken down first, then lipids followed by amino acids. Nutrition and dietary supplements affect metabolism at this cellular level.(Martini FH, 1995) 
Carbohydrate metabolism
In carbohydrate metabolism, ADP is then converted back into ATP in a process initiated by glycolysis, the breakdown of glucose to pyruvic acid. Other molecular level processes are also involved in the metabolism of carbohydrates. (Martini FH, 1995) 

Lipid metabolism
The metabolism of fats (lipids) undergoes different processes than those involved in the metabolism of carbohydrates. Lipolysis breaks lipids down so that they can be converted into pyruvic acid or used in the TCA cycle (a metabolic process). Lipids provide a much greater source of ATP than carbohydrates. However, they are more difficult to process and cannot provide ATP in a short amount of time. Another component of lipid metabolism is the synthesis of lipids from amino acids or carbohydrates. However, some fatty acids cannot be synthesized, and must be consumed in our diets. These are called essential fatty acids.
Skeletal muscle, that which is used in exercise, cycles between carbohydrate and lipid metabolism. When energy demands are low, muscles metabolize fatty acids. (Martini FH, 1995) 

Amino acid metabolism
When other sources of energy are low, the body can metabolize amino acids. However, protein catabolism is far from ideal. Proteins are much more difficult to metabolize than carbohydrates or lipids. A by-product of this metabolism is ammonia, which is harmful to cells. Lastly, protein is essential to cells. Continued metabolism will harm the cells and systems. The synthesis of protein involves 10 essential amino acids – isoleucine, leucine, lysine, threonine, tryptophan, phenyalanine, valine, methionine, arginine, and histidine. Additionally, the body also requires nonessential amino acids (proline, glutamine, tyrosine, glutamate, and aspartate) to synthesize proteins, but the body can make these as needed. (Martini FH, 1995) 

The Liver

The intestinal lining and liver are involved in nutrient absorption. Once the intestine breaks down nutrients into proteins, lipids, and carbohydrates, glucose and amino acids are carried to the liver. (Fatty acids are stored as droplets in the lymph of the intestinal lining.) That which is needed is used for energy, while the rest of the nutrients are stored. Glucose is stored as glycogen. Fat soluble vitamins – Vitamins A, D, E, and K – and Vitamin B12 are stored in the liver, as is ferritin – iron reserves. In the liver, the hormone insulin increases glucose uptake and utilization. Insulin is required for the body to use glucose. Growth hormone stimulates amino acid uptake. Additionally, growth hormone, as well as androgens and estrogens are involved in protein synthesis.
When nutrients are not being absorbed, the body must use energy reserves for fuel. The metabolism of these stored nutrients is assisted by the hormones glucagon, epinephrine, glucocorticosteroids, and growth hormone. (Martini FH, 1995) 

Muscle Activity During Exercise

What changes occur in the body when we exercise? To start with, resting muscles only contain enough ATP to sustain a contraction until more ATP can be made. Since a resting muscle makes more ATP than it needs, the rest is stored as creatine phosphate. Although the muscle stores 6 times more creatine phosphate than ATP, it only takes 17 seconds to burn up these reserves!

Both aerobic metabolism and anaerobic metabolism then provide the ATP needed to sustain activity. Aerobic metabolism supports resting muscle support, while glycolysis (anaerobic metabolism) supplies the energy needed during peak activity following metabolism of ATP and creatine phosphate. The glucose needed for this is obtained from glycogen reserves. 

As glycogen is depleted, the ATP is obtained from the metabolism of lipids or amino acids. Finally, once all reserves have been used or the pH falls due to a build-up of lactic acid, then the muscle is fatigued. During recovery, oxygen demand is high while muscles restore ATP, creatine phosphate, and glycogen to former levels. The liver converts lactic acid to glucose to restore ATP. 

Increased muscle mass, hypertrophy, is due to repeated, exhaustive stimulation of muscle fibers. This causes the muscle to develop more mitochondria, glycolytic enzymes, glycogen reserves, and myofibrils.

Muscle performance is determined by the type of muscle fibers and physical conditioning. Anaerobic endurance requires brief, intensive work-outs, such as that involved in 50-meter dash or swim or weightlifting. Aerobic endurance involves sustained low-level muscle activity, such as jogging and distance swimming. Improved aerobic ability comes from training muscles and improving cardiovascular function. Increased aerobic function results in weight loss as well as improved respiration and cardiovascular function. Since aerobic activity does not result in increased muscle mass, a combination of aerobic and anaerobic regimens (interval training) will result in both weight loss and increased muscle mass.(Martini FH, 1995) 

Strength training, also called resistance training, involves using weights and machines to progressively increase resistance between the device and muscle.(Aniansson A and Gustafsson E 1981)
Muscles and Aging

As we age, our muscles atrophy and weaken (a condition now termed sarcopenia) regardless of exercise regimen or lifestyle (Bross R et al 1999). The muscles become smaller and less elastic. Therefore, muscle injuries become more common (Bross R et al 1999, Baumgartner RN et al 1998). The ability to recover from these injuries also decreases. Add to this, the tolerance for exercise decreases, in part due to a reduction in thermoregulatory ability and increased risk of dehydration. As we age, our need for foods as a source of energy may decrease due to changes in our body’s composition and activity. However, certain nutrient deficiencies may still require supplementation, particularly vitamins B2, B6, B12, D, E, and folate as well as calcium and iron.(Campbell WW and Geik RA 2004)
However, the benefits of exercise in this group as a whole do improve the quality of life. Sarcopenia, even in most severe cases, is reversed through strength training (Aniansson A and Gustafsson E 1981; Frontera WR et al 1992). Additionally, it has been shown that exercise controls body weight (very important to such health conditions like diabetes, cardiovascular disease, and hypertension) and strengthens bones. However, to be in good condition later in life, an individual needs to be in good shape earlier in life. In older age groups though, it is far more important to engage in regular, low to moderate exercise rather than extreme activity. (Martini FH, 1995) 

Nutrition to Augment Fitness

A balanced diet is important to proper muscle function and fitness. The consumption of foods from the 2005 United States Department of Agriculture Food Pyramid ensures homeostasis (the ability of the body to maintain a constant, healthful status). We consume food in order to obtain carbohydrates, proteins, fats, vitamins, and minerals our bodies require.

While the 6 major food groups are now replaced by a more individualized approach balanced by the amount of exercise you get, the consumption of foods from various sources is still recommended. According to the new food pyramid, the total caloric intake of an average 40-year-old female varies from 1800 calories for a sedentary lifestyle to 2200 calories for a very active individual. Increased consumption of vegetables, fruits, low-fat milk products, and lean meats are recommended. Two to 3 cups of vegetables daily are recommended for adults. About 1.5 to 2 cups of fruit are recommended daily. For most adults, 3 cups of dairy products should be consumed daily. At least 3 ounces of grains are recommended per day, with about half of these as whole grains. Of the meat and beans group, 5 to 6 ½ ounces are recommended daily. Essential fatty acids are obtained from oils used sparingly, varying from 5 to 7 teaspoons depending on age and gender. Finally, the new food pyramid allows for consumption of discretionary calories – the “wiggle room” we allow ourselves to upgrade the fat or calories of a food when we have met our other essential nutritional needs. (United States Department of Agriculture: http://www.mypyramid.gov/index.html)
In addition to the fat-soluble vitamins we derive from food (as mentioned previously), we also obtain water-soluble vitamins that include Vitamins B1 (thiamine), B2 (riboflavin), niacin (nicotinic acid), B5 (pantothenic acid), B6 (pyridoxine), folacin (folic acid), B12 (cobalamin), biotin, and C (ascorbic acid). The majority of the minerals we need include sodium, potassium, chloride, calcium, phosphorus, and magnesium. The trace minerals we require include iron, zinc, copper, and manganese. The proper amounts of these elements are essential – to avoid too little or too much (hypervitaminosis). (Martini FH, 1995) 

Sports enthusiasts, people recovering from illness or injury, pregnant or lactating women, and children have a special requirement for nitrogen (N compounds) in their diet due to increased synthesis. These N compounds include amino acids (the framework of proteins), purines and pyrimidines, creatine, and porphyrins. An adequate diet of fats, carbohydrates, and proteins will ensure that fats and carbohydrates are catabolized. 

Amino acids are either incorporated into proteins or converted to N compounds. (Martini FH 1995) 

Vegetarians are another unique group of people who need to monitor their protein intake to assure adequate amino acids in their diet. (Martini FH, 1995) 

Some sports nutrition studies and the latest diets have provided various versions of the basic dietary guidelines. The Zone Diet promotes the consumption ratio of  40 (carbohydrates)/30 (proteins)/30 (fats).(Clark N 2003) The diet promoted for body builders is 55% to 60% carbohydrates, 25% to 30% protein, and 15% to 20% fat.(Lambert CP et al 2004) The justifications of higher protein/lower carbohydrate diets are as follows: The high protein level satisfies hunger longer than a higher carbohydrate diet. The body utilizes other sources of energy aside from the immediately available glucose and glycogen from carbohydrate stores. Water weight, which is associated with glycogen, is also cut quicker with a high-protein diet. 
However, other studies show either limited benefit or no benefit of a high-protein or a low-carbohydrate diet due to various factors such as the inability to retain the diet over time (Clark N 2003). Furthermore, ketosis caused by the deficiency of carbohydrates results, which does indeed kill the appetite. However, this state of ketosis in its most extreme form can result in dangerously low pH levels, causing coma, cardiac irregularity, and death.(Martini FH, 1995) Conversely, long-distance runners and swimmers seek to maximize their output with 3-day carbohydrate loading after 3 days of extensive exercise. While this maximizes carbohydrate reserves of muscle tissue, it also can cause muscle and kidney damage when used too frequently (Martini FH,). 
In conclusion, carbohydrates and fats are not the evil culprits portrayed by some studies. The real enemy is an excess of calories derived from all sources that are then stored in body fat. The assured way to lose weight is to create a calorie deficit for the day.(Clark N 2003) [Another assured way to lose weight is to exercise away the calories. In a study of exercise versus diet, two groups were asked to either eat 700 calories less or exercise off 700 calories per day. Each group lost about 16.5 lbs. at the end of 3 months. However, the exercise group lost more abdominal fat than the dieters as well as having increased cardiovascular fitness.(Ross R et al 2000)] The benefits of eating several smaller meals throughout the day as opposed to one or two larger meals have been reported in the literature. (Clark N 2003; Lemon PW et al 2002) Following this dietary regimen, an adequate supply of calories is always immediately available. Regardless of composition or frequency of other meals, it has been proven that breakfast remains the most essential meal of the day. Adequate fuel for the day begins at breakfast.
[SIDEBAR] “WHAT YOU HAVE LEARNED SO FAR”
· Exercise results in weight reduction, enhanced physical and mental status, reduced risk of illnesses, and extended life.

· Metabolism is the process of breaking down food for use as energy all body functions.

· The body metabolizes carbohydrates then lipids then amino acids.

· The liver is an essential organ in metabolism. Glucose is stored as glycogen. Fat soluble vitamins and iron are stored in the liver.

· During muscle contraction, ATP then creatine then glycogen are used for energy.

· Aerobic activity improves cardiovascular function and results in weight loss. Strength training (resistance training) uses weights to build muscle from repeated, increased resistance.

· Muscles atrophy and become inelastic as we age despite exercise.
· As we age our nutritional needs change and may require supplementation.

· The 2005 USDA Food Pyramid changed to provide a more individualized nutritional plan.
· Certain groups of people, such as sports enthusiasts, vegetarians, and those recovering from illnesses have specific nutritional needs.

Supplements

Supplements used in a fitness regimen can be grouped as muscle building, fat burning/weight loss, general wellness, and sports injury rehabilitation. While it is useful to review them in this manner, many of the supplements provide multiple positive effects that can be classified over categories.
Muscle-building & Energy-enhancing Supplements

Although we acknowledge the existence of many more muscle-building and energy-enhancing supplements, we choose to provide information on supplements that can be used by people interested in a more moderate level of exercise rather than those primarily marketed to athletes or extreme fitness enthusiasts (such as bovine colostrum). Additionally, the products mentioned here can be readily obtained in most cases.
Alpha lipoic acid
The nutrient alpha lipoic acid was found to increase glucose uptake in obese diabetic rats in a recent study.(Liu J et al 2002) The positive effects of alpha lipoic acid are enhanced by acetyl-l-carnitine.(Liu J et al 2002; Giancaterini A et al 2000) Alpha lipoic acid increases glutathione (a potent antioxidant), vitamins C and E, and mitochondrial enzyme activity while decreasing lipid peroxidation and lactic accumulation. This helps prevent muscle tissue damage and improve ATP synthesis.(Arivazhagan P et al 2001) Alpha lipoid acid combined with exercise helped the effect of insulin in a study of obese rats.(Saengsirisuwan V et al 2001) Another benefit of alpha lipoic acid is its ability to inhibit the formation of atherosclerosis from oxidative stress caused by monocyte adhesion and endothelial activation.(Zhang WJ and Frei B 2001)
Carnitine

The amino acid carnitine has been attributed with building muscle tissue, increasing stamina, and lowering circulating cholesterol and triglycerides. Carnitine helps transport fat into mitochondria where it is metabolized. Exercise capacity is increased in arterial disease following carnitine supplementation. Additionally, studies show muscle function and exercise capacity are increased by carnitine supplements in people with kidney disease.(Maleskey G 1999) Levo-carnitine may be able to treat side effects associated with AZT, which is used in the treatment of HIV infection. Levels of carnitine may be decreased in patients who take anticonvulsants like valproic acid. (Harkness R and Bratman S 2003)

Carnosine
The ergogenic aid, carnosine, is found in high amounts in skeletal muscle. Muscle carnosine has been shown to be elevated during peak activity. (Parkhouse WS et al 1995, Suzuki Y et al 2002) Carnosine is comprised of amino acids, histidine, and beta-alanine. Among other reported advantages to health, one significant benefit of carnosine is its ability to scavenge free radicals.(Boldyrev AA et al 1997, Wang AM et al 2000; Yuneva MO et al 1999, Nagasawa T et al 2001) Proteins can be destroyed by free radicals, and, ironically, exercise produces abundant free radical activity. Additionally, carnosine protects against cross-linking and advanced glycation end product (AGE) formation, both of which result in protein degradation.(Hipkiss AR et al 1995; Munch G et al 1997) Furthermore, carnosine protects normal proteins from AGE in neighboring cells.(Brownson C and Hipkiss AR 2000; Hipkiss AR and Brownson C 2000) Carnosine acts as a pH buffer, protecting muscle from oxidation during strenuous exercise.(Burcham PC, et al 2000) Another benefit of carnosine is its ability to inhibit oxidation of low-density lipoprotein (LDL) – the bad cholesterol – which, when unchanged, can lead to atherosclerosis.(Decker EA et al 2001) Other studies have reported the rejuvenating effects of carnosine on cells – extending the lifespan of certain cells, extending the lifespan of senescent mice, and remaining at high levels in those cells with long lives (like neurons)(Yuneva MO et al 1999; McFarland GA & Holiday R 1994; McFarland GA and Holliday R 1999). Its use is not recommended for endurance sports, but rather for sprinting-related activities. 

Creatine

Creatine phosphate supplementation boosts short-term, intense activity that is followed by short recovery periods. Studies show that creatine effectively augments lean muscle mass and strength. (Nissen SL and Sharp RL 2003; Kreider RB 2003; Gotshalk LA et al 2002). Creatine donates a phosphate molecule to ADP in order to produce more ATP for energy demands of the body. Creatine regenerates ATP quickly with less recovery time between exercise sets. The buildup of lactic acid may also be delayed with creatine supplementation.(Maleskey G 1999) Many athletes and fitness enthusiasts use this supplement to improve performance and maintain muscle mass. However, a few studies don’t show improved physical fitness with creatine supplementation.(Eijnde BO et al 2003; O’Connor DM and Crowe MJ 2003)
Studies have shown other benefits of creatine supplementation. Growth hormone is essential to many body functions including bone growth (Martini FH 1995), but the amount of it declines with age. Unfortunately, direct supplementation with growth hormone is controversial for several reasons, including steep cost and serious side effects to health. (These can include headaches, joint swelling, water retention, and lethargy.)  Growth hormone is derived naturally through intense exercise. Creatine can mimic these increased levels of growth hormone secretion produced after activity.(Schedel JM et al 2000) Other studies also support the use of creatine to support and increase strength and power in the elderly.(Gotshalk LA et al 2002; Chrusch MJ et al 2001) Homocysteine, an independent risk factor of heart disease, may be lowered by creatine supplementation as seen in one animal study.(Stead LM, et al 2001) A link with fibromyalgia was also seen in one study of patients with low creatine.(Park JH et al 1998) In one case study, creatine added to an exercise regimen in a myasthenia gravis patient improved the quality of life.(Stout JR et al 2001) Additionally, recent studies have shown that creatine can help those with degenerative neurological disorders and enhance memory in older adults (Wyss M and Schulze A 2002; Beal MF 2003, Tarnopolsky MA and Beal MF 2001, Matthews RT et al 1998; Tabrizi SJ et al 2003; Laakso MP et al 2003; Yeo RA et al 2000; Valenzuela MJ et al 2003; Watanabe A et al 2002; Rae C et al 2003). Vegetarians may find creatine supplementation to be particularly useful, since this group does not receive much in their diet. (Rae C et al 2003)(Creatine is mostly found in meat.)
Essential Ketogenic (Branched Chain) Amino Acids
There are several essential ketogenic amino acids, including phenylalanine, isoleucine, methionine, valine, histidine, arginine, lysine, and leucine. (Additionally, there are nonessential amino acids.) Ketogenic amino acids can be converted to acetyl-CoA for further metabolism or converted to ketone bodies. (This is opposed to essential and nonessential glucogenic amino acids that are converted to pyruvic acid.)(Martini FH 1995) Amino acids are the building blocks of protein. The branched chain amino acids include isoleucine, leucine, and valine. These are popular supplements to improve performance and prevent muscle metabolism during endurance exercise.(Maleskey G 1999; Workman J 2002) In a study comparing amino acid with carbohydrate supplements, the amino acid supplement improved ambulation and isometric muscle strength in elderly participants.(Scognamiglio R et al 2004) Another study showed lysine deficiency can result in carnitine or calcium deficiency.(Maleskey G 1999) Studies have shown the combination of l-arginine and l-lysine supplementation increases human growth hormone levels in the body.(Isidori A et al 1981, Suminski RR et al 1997) This therapy is cheaper and safer than human growth hormone administration. An additional study of the combined effect of l-arginine and l-lysine supplementation in elderly men has also been positive.(Welbourne TC 1995) Bodybuilding marketing promotes nitric oxide, the free gas of metabolized l-arginine, to have several clinical attributes as a supplement including improved circulation. A review of the published medical research, however, is scarce on the direct effect of supplementing with nitric oxide.
Ginseng

Ginseng is one of several species of herb used to improve energy and vitality. Additionally, the use of ginseng has been reported to normalize blood sugar and allow cells to use stored sugar more readily. Ginseng also is used to stimulate immune function.(Cooperman T et al 2003)
Glutamine

Although glutamine is the most abundant amino acid in our body (Talbott SM 2003, Workman J 2002), at times the body cannot produce all of the glutamine it needs because of extreme stress caused by surgery, prolonged exercise, and infection among other reasons.(Hendler SS and Rorvik D. 2001; Reinaldo A et al 2002)  Therefore, it is sometimes referred to as a conditionally essential amino acid. 
Various studies have shown the beneficial properties of glutamine in our digestive and immune systems, as well as during exercise. Immune systems cells use glutamine as a source of energy.(Ardawi MSM et al 1983; Ardawi MSM et al 1985) Furthermore, a decreased level of glutamine allows infections to enter the body via a comprised intestinal lining (Neu J 2002). In a study of critically ill patients, glutamine supplementation reduced infections (Andrews FJ et al 2002). Athletes who engage in strenuous activity are at elevated risk of developing upper respiratory infection. (It must  be emphasized that this is not due to a moderate exercise regimen.) This could be due to decreased glutamine as a result of the intensive exercise (Castell LM 2002, Parry-Billings M et al 1990). Glutamine supplementation resulted in a reduction of respiratory infection in a study of marathon runners (Castell LM 1996). Nevertheless, other studies failed to produce an association between immune function and glutamine with exercise (Nieman D et al 1999, Rohde T et al 1998) 
Glutamine supplementation also results in a significant increase of growth hormone secretion from the pituitary gland.(Welbourne TC 1995) One study of this effect was conducted specifically in middle-aged and elderly adults.(Arwert LI et al 2003) Furthermore, glutamine in conjunction with L-cysteine and glycine helps promote the synthesis of glutathione, a powerful antioxidant.(Shang F et al 2003; Hultberg B and Hultberg M 2004; Maleskey G 2002) Another benefit of glutamine is its ability to help regulate the metabolism of muscle (Rennie MJ et al 1998). Glutamine helps build and maintain lean muscle tissue.(Workman J 2002) During low levels of glutamine, the body may break down muscle to obtain glutamine. This can result in low muscle mass. Supplemental glutamine may prevent this breakdown of muscle as well as promote greater protein synthesis (Antonio J & Stout J 2002; Hankard RG 1996).
Metabolic whey protein and protein
Protein supplementation has been utilized by fitness enthusiasts and athletes for many years. The advantage to using whey protein is that it also produces the highest concentration of glutathione (a powerful antioxidant) as compared to many other sources including soy.(Bounous G and Gold P 1991) Glutathione neutralizes peroxides, heavy metals, and carcinogens. Whey protein also benefits the cardiovascular system by inhibiting atherogenesis by preventing LDL oxidation via the action of lactoferrin and lowering bad cholesterol levels.(Kijikawa M et al 1994; Zhang X and Beynen AC 1993) Additionally, whey protein enhances immunity helping to fight infection.(Bounous G et al 1988) A component of whey protein, lactoferrin, is a potent antioxidant, which scavenges free iron and protects cells from lipid peroxidation.(Gutteridge JMC et al 1981) In a study comparing protein and carbohydrate supplements, subjects showed greater mechanical muscle function during resistance training in the protein group.(Andersen LL et al 2005)
Polyenylphosphatidylcholine (PPC)/Phophatidylcholine

Polyenylphosphatidylcholine (PPC) is a phospholipid that contains many polyunsaturated fatty acids, including linoleic and linolenic acids. In addition to providing flexibility to the cell membrane, PPC can help maintain plasma choline levels during exercise. Choline, which gets depleted during exercise, assists in acetylcholine formation. This substance is involved in the relay of muscle contraction signals.(Buchman et al 2000) This restoration of choline has an added benefit of slowing or reversing memory deterioration associated with aging.(De La ME 1991, Secades JJ and Frontera G 1995) Polyenylphosphatidylcholine possibly can improve endurance and performance of strenuous exercise.(Conlay et al 1992) Finally, PPC has been showed to improve cardiovascular health by decreasing circulating LDL and triglycerides.(Klimov AN et al 1995; Dobiasova M et al 1988; Navder KP 1997; Kirsten R et al 1994)
Pregnenolone and Ecdysterone
The adrenal hormone pregnenolone, a precursor to DHEA, has been shown to improve memory and enhance endurance.(Roberts E 1995; Roberts E 1993) This supplement also improves arthritis and lowers bad cholesterol.(Roberts E 1995, Dzugan SA and Arnold SR 2002) Ecdysterone was used in place of anabolic steroids by Russian athletes, and is now marketed on bodybuilding sites to athletes who want to build more lean muscle mass. Russian studies from the 1980s support its claims (Chermnykh NS et al 1988, Simakin S. Yu et al 1988), but more current research on the effects of ecysterone supplementation on human muscle is lacking.
General Wellness
Fiber

The addition of dietary fiber to diets lowers cholesterol and helps heart disease, high blood pressure, and diabetes among other conditions. It can be obtained from a variety of food sources as well as from flaxseed and psyllium.(Maleskey G 1999)

Garlic

The food and supplement garlic is a potent antioxidant and anti-inflammatory. Garlic improves circulation, lowers bad cholesterol and triglycerides, dilates blood vessels, and reduces blood pressure. Garlic supplements may help heart disease, infections, atherosclerosis, and chronic fatigue syndrome.(Maleskey G 1999)

Gingko biloba

The oldest tree on earth, gingko biloba, has received much recent attention in the medical research due to its various positive effects on health . Gingko acts as a vasodilator on the circulatory system. Therefore, gingko increases blood flow. Components of gingko act as blood thinners, which may help in conditions such as heart disease, stroke, and intermittent claudication. It is also well known to enhance mental status, substantiating its use for Alzheimer’s disease, brain injury, dementia, and head injury. Some believe the elderly population should take this supplement daily to improve circulation and mental condition (Maleskey G 1999)

Hawthorn

In addition to its many benefits on cardiovascular health, hawthorn is used to treat inflammatory conditions and degeneration of collagen. Hawthorne is a potent antioxidant with amazing properties to promote heart health. (Maleskey G 1999)

Iron

Deficient iron causes decreased capacity for exercise as a result of mitochondria not transporting enough oxygen to muscles for activity. Iron is necessary for energy production and protein synthesis. Iron is involved in enzyme activity. Generally, women are affected by iron deficiency. Men should not take iron supplements unless advised by a physician to do so. (Maleskey G 1999)

Omega-3 Fatty Acids/Fish Oil and Alpha-linolenic acid (ALA)/ Flaxseed
Omega-3 polyunsaturated fatty acids from fish oil promote good heart health. Additionally, omega 3’s may help high blood pressure, high cholesterol, rheumatoid arthritis, and inflammation. Studies show that omega 3’s increase HDL cholesterol (“good cholesterol”).(Maleskey G 1999) Flaxseed contains an abundance of alpha-linolenic acid (ALA), which is the plant source of omega-3 fatty acids. Supplements of flaxseed have been used to treat heart disease, arrhythmia, high blood pressure, high cholesterol, diabetes, stroke, rheumatoid arthritis, gout, osteoarthritis, and other inflammatory disorders.(Maleskey G 1999) 

Omega-6 Fatty Acids: Gamma-linolenic acid (GLA)
Gamma-linolenic acid (GLA), an omega-6 fatty acid, can be found in the supplements borage oil, evening primrose, and black currant. A balanced intake of omega-6 and omega-3 fatty acids (as suggested to be 4:1) can promote health benefits derived from both supplements. Gamma-linolenic acid has been used in the treatment of heart disease, osteoarthritis, rheumatoid arthritis, and diabetes.(Maleskey G 1999) 
Potassium

Potassium is an essential nutrient for all cell activity. Potassium is crucial to the maintenance of fluids and electrolytes such as sodium and chloride. This nutrient is involved in blood pressure control, and is recommended to help leg cramps. Most potassium should be obtained from food sources, since dietary potassium plus high doses from additional supplements can be fatal.(Maleskey G 1999)

Vitamin A and Beta-carotene
Normally associated with eye function, vitamin A is also crucial to stimulating bone growth, particularly in children.(Martini FH 1995) Forms of vitamin A include retinol and beta-carotene. 
Vitamin B group and Folic Acid
This group of vitamins that includes Vitamins B1 (thiamine), B2 (riboflavin), niacin (nicotinic acid), B5 (pantothenic acid), B6 (pyridoxine), and vitamin B12 (cobalamin). These vitamins are involved in various activities of metabolism.(Maleskey G 1999) Niacin releases energy from carbohydrates, and helps lower cholesterol.(Cooperman T et al 2003) One form of niacin has been reported to help leg cramping caused by atherosclerosis, and niacinamide has been used to treat arthritis.(Cooperman T et al 2003, Maleskey G 1999) Folic acid together with vitamins B6 and B12 can lower homocysteine levels to reduce the risks of heart attack, angina, high blood pressure, and intermittent claudication.(Maleskey G 1999) Pantothenic acid (B5) may help osteoarthritis, rheumatoid arthritis, and high cholesterol.(Maleskey G 1999) Deficiency of B vitamins leads to muscle weakness, central nervous system disorders, retarded growth, and convulsions. Oral contraceptives may deplete vitamin B2 with extended use.(Harkness R and Bratman S 2003) Vitamin B6 is diminished in those who take isoniazid, penicillamine, and theophylline. Extreme vitamin B6 deficiency can impair glycogen breakdown.(Maleskey G 1999)  Vitamin B12 absorption may be impaired by colchine use. Decreased folic acid uptake is reported in those who consume antacids containing aluminum hydroxide and cimetidine. Diminished folic acid levels also have been reported in those who take anticonvulsants such as carbamazepine, the cancer drug methotrexate, and oral contraceptives (Harkness R and Bratman S 2003) Supplementation of riboflavin may be needed in certain children and the elderly.(Cooperman T et al 2003) Folic acid reduces the risk of spina bifida in developing fetuses.
Vitamin D

Vitamin D plays an important role in the body, which is to assist in the uptake of calcium. Therefore, it is required for normal bone growth.(Martini FH 1995) Sources of vitamin D include diet, supplements, and sunlight exposure. The conclusion of a study of milk in the United States and western Canada was vitamin D supplements may be more reliable than dairy products, which frequently do not meet vitamin D fortification standards.(Maleskey G 1999) Diminished vitamin D levels may result from cimetidine or heparin use.(Harkness D and Bratman S 2003) Vitamin D levels, as well as corresponding calcium and phosphate levels, also may be reduced or impaired following use of the antituberculosis drug isoniazid and the anticonvulsant phenytoin.(Harkness D and Bratman S 2003) Vitamin D deficiency causes rickets, osteomalacia (bone softening), and osteoporosis.(Maleskey G 1999) The term osteoporosis, which means bone loss, is not limited to women. Despite its correlation with bone health, a study of frail elderly people interestingly did not show improved rehabilitation outcomes following resistance training and vitamin D supplementation.(Latham NK et al 2003) In another study of women who had low vitamin D levels in late pregnancy, their children consequently experienced bone mineral deficiencies.(Javaid MK et al 2006) 
Antioxidants

Antioxidants are vitamins and nutrients are body needs in order to allow certain cells such as macrophages to scavenge free radicals. While exercise is shown to improve immunity and antioxidant function, overtraining with intensive exercise can result in impaired immune function, affecting phagocytes, NK-cell function, lymphocyte proliferation, activation of pro-inflammatory cytokines, and decreased formation of immunoglobulin. In order to combat these effects, the antioxidants C and E are recommended.(Shepard RJ and Shek PN 1996) 
Vitamin C

Vitamin C is required by the body for collagen synthesis. Additionally, it is needed for bone cell formation and differentiation. The antioxidant Vitamin C is reported to help assorted health problems, including muscle soreness, osteoarthritis, high cholesterol, chronic inflammatory diseases, emphysema, and surgical recovery.(Maleskey G 1999) Elderly people who tend to bruise easily may benefit from vitamin C supplementation to keep blood vessels strong.(White LB and Foster S 2000) A deficiency of this vitamin is seen in the condition known as scurvy.(Martini FH 1995) Many  adults do not ingest adequate amounts of this vitamin. Certain groups, such as smokers, diabetics, and women who take oral contraceptives tend to have a deficiency of this important vitamin.(Harkness R and Bratman S 2003, Maleskey G 1999)
Vitamin E 

Research supports the use of vitamin E following exercise to reduce muscle damage and lessen biochemical markers of free radical damage.(Sachek JM et al 2002) Vitamin D (d-alpha-tocopherol) may also help treat heart disease, diabetes, high cholesterol, sore muscles, osteoarthritis, emphysema, leg cramps, intermittent claudication, and chronic inflammatory diseases.(Maleskey G 1999) In a study of older adults, vitamin E supplementation coupled with endurance exercise improved aerobic fitness while it reduced blood pressure, weight, and oxidative stress.(Jessup JV et al 2003)
Coenzyme Q-10
Coenzyme Q-10 (CoQ10) improves heart function, helps prevent LDL cholesterol buildup, and provides antioxidant protection.(Maleskey G 1999) Coenzyme Q-10 also has received much attention for its claim of increased performance. However, research does not substantiate this.(Vargiu et al 2002). Coenzyme Q-10 is made by the body for energy production within cells.(Cooperman T et al 2003) As we age, our level of CoQ10 declines.  Supplementation with CoQ10 has been shown to improve the activity of mitochondria as they age as does alpha-lipoic acid and carnitine. Heart disease, shock, and viral illnesses typically decrease circulating CoQ10.(Maleskey G 1999) Decreased levels of naturally-occurring CoQ10 may also be seen in those people who take statin drugs, beta-blockers, antidepressants, and antipsychotics.(Cooperman T et al 2003)

Isoflavones and Soy

While research supports the health benefits of soy, it is unclear whether these benefits are attributed to isoflavones or to soy itself. Isoflavones are estrogen-like plant compounds that alleviate symptoms associated with menopause. Additionally, soy protein has been reported to lower LDLs (“bad cholesterol”) and have antioxidant capability. (Chen CY et al 2005) A higher incidence of certain forms of breast cancer is seen in women with high intakes of soy-rich foods. Blood vessel elasticity also has been attributed to isoflavones. Supplementation with isoflavones can maintain or even increase bone density.(Cooperman T et al 2003)
Minerals and trace elements
Although calcium is the most abundant mineral in the body, even small variations in concentration have effects on a cellular level. Bones require calcium for structure. Additionally, calcium is needed for normal muscle and neuron function. Muscle cramps and restless leg syndrome may be helped by calcium supplements.(Maleskey G 1999) Calcium is required by muscles to provide contraction, while magnesium also is required to allow relaxation of the muscle. Magnesium deficiency results in muscle spasms. (Maleskey G 1999) Magnesium supplementation may result in improved energy levels.(Maleskey G 1999)
In addition to calcium, bones require phosphate salts to ensure normal bone growth and maintenance (Martini FH 1995). Bones also require magnesium, fluoride, iron, copper, manganese, and zinc among other minerals.(Miggiano GA and Gagliardi L 2005) Zinc is also important to wound healing and inflammatory conditions.(Cooperman T et al 2003, Maleskey G 1999) 
Certain groups of people may experience calcium deficiency. A recent study reports that women under 30 years of age who take birth control pills and exercise regularly may be at enhanced risk of bone fracture later in life. To counter this effect, the researchers suggest increased calcium intake.(Weaver CM et al 2001) Extended corticosteroid use also can result in calcium deficiency, which can lead to osteoporosis in latter years.(Harkness R and Bratman S 2003) Older people would benefit from a supplement containing calcium, boron, magnesium, and potassium.(Clarkson PM and Haymes EM 1995) Although calcium supplementation in the elderly helped prevent bone loss in both men and women, only men experienced greater hip bone mineral density in one study.(McCabe LD et al 2004) 
Supplemental zinc may correct zinc deficiency caused by ACE inhibitors, thiazide diuretics, oral contraceptives, and AZT treatment.(Harkness R and Bratman S 2003) Low zinc is attributed to lowered immune response in the elderly.(Ferencik M and Ebringer L 2003)

Vanadyl sulfate is the supplement form of another trace mineral known as vanadium. This supplement is popular in bodybuilding to mimic an anabolic effect on muscles. Vanadyl sulfate also has been studied in the treatment of diabetes. Care must be taken with this supplement, since vanadium is toxic in high levels.(Maleskey G 1999)
Fat-burning and Weight Loss 
Many supplements promote weight-loss and fat-burning abilities. Although we acknowledge that some supplements may work in certain individuals while others don’t, we choose to provide information on those supplements that have had recent popularity in the media, further supporting research, or are currently available in a number of marketed supplements.
Bitter orange: synephrine

Related to ephedrine, synephrine, is touted to have similar weight loss and energy enhancing properties once attributed to its chemical cousin. Synephrine goes by many names, including bitter orange, green orange, sour orange, and zhi shi. Studies of synephrine show that the supplement raises heart rate and blood pressure.(Bui LT et al 2006, Haller CA 2005) A review of the medical literature shows that no statistically significant weight loss in controlled studies can be attributed to synephrine.(Bent S et al 2004, Fugh-Bergman A and Myers A 2004)
Conjugated Linoleic acid

A recent Norwegian study of 134 patients indicates that conjugated linoleic acid (CLA) effectively reduced body fat mass by 6% to 8% with effects lasting for more than 24 months – the period in which most weight is regained from a previous loss. Lean body mass was retained in the study patients. Additionally, circulating leptin levels dropped, which led to a decrease in appetite.(Gaullier JM et al 2005) This naturally occurring fatty acid may help maintain healthy glucose and insulin metabolism. An increase in lean body mass has also been attributed to CLA.(Workman J 2002) Although these benefits were not statistically significant in a study of experienced athletes, trends were observed with moderate to large effect sizes.(Kreider RB et al 2002)

Chromium
Chromium is a mineral whose use is recommended for the regulation of blood sugar levels. Chromium picolinate is a substance promoted for weight loss in many supplements. Chromium deficiency has been indicated in the development of type 2 diabetes – the type of diabetes that develops most frequently in middle-aged people.(Maleskey G 1999) The condition known as corticosteroid-induced diabetes may benefit from chromium supplementation.(Harkness R and Bratman S 2003) Heart disease associated with diabetes may also benefit from chromium supplements.(Maleskey G 1999) Chromium picolinate did not augment muscle size, power, or lean body mass in a study of older men.(Campbell WW et al 1999) While it is relatively available via food, many Americans appear to be deficient in chromium.(Cooperman T et al 2003) A recent animal study presented at the 46th Annual Meeting of the American College of Nutrition reported an extended lifespan in rats who ingested chromium.(Preuss HG. Presented at the Annual Meeting of the American College of Nutrition, Kiawah Island, South Carolina, September 22-25, 2005)

Glucomannan

Glucomannan, a supplement derived from a root, is proven to reduce weight - with or without undertaking a limited calorie diet.(Birketvedt GS et al 2004, Walsh DE et al 1984)  Furthermore, since it is a soluble fiber like psyllium, it provides a full feeling to combat hunger. Additionally, it has been shown to improve blood-lipid profiles, lower insulin and blood glucose, and reduce blood pressure.(Vuksan V et al 1999, Vuksan V et al 2000)
Green tea
Several recent studies support the health benefits of green tea. With regard to exercise, green tea has been shown to increase endurance. This capacity for increased exercise was dose dependent and cumulative. Further improvements were observed in respiratory function and fat oxidation.(Murase T et al 2005) This research supports an earlier published study, which suggested green tea has fat burning and weight loss capabilities (Bell SJ and Goodrick GK 2002)
Hoodia Gordonii 
While the South African cactus Hoodia gordonii has been used by San Bushmen for years for appetite suppression and mood enhancement, published research is only beginning to examine its effects. One reason is that Hoodia is a relative newcomer to the supplement market, only starting to receive attention in the United States in 2004. Recently, media including “60 Minutes”, “CBS News”, “ABC News”, “The Today Show”, and O Magazine have covered the attributes of Hoodia gordonii. In one published study, the appetite-suppressing properties of Hoodia gordonii were established in rats.(MacLean DB and  Luo LG 2004) It is believed that this supplement acts on the neurons rather than directly on ATP to provide the sensation of fullness.
Hydroxy-citric acid

Garcinia cambogia, also known as hydroxy-citric acid (HCA), has been shown to have weight loss properties in clinical studies.(Hida H et al 2005, Roy S et al 2004) However, one study did not support the fat oxidation claims of HCA.(Kriketos AD et al 1999) While adverse effects have not been reported in a few published studies.(Pittler MH et al 2005, Soni MG et al), other research shows cases of liver damage in humans and testicle toxicity in rats.(Stevens T et al 2005; Saito M et al 2005)

Sports Injury Rehabilitation

Various supplements for use as either external compresses or as ingested supplements have been in use for the treatment of injuries sustained or exaggerated by exercise, including sprains, muscle soreness, muscle spasm, joint stiffness, osteoarthritis, and inflammation. Some, but certainly not all, of these preparations are discussed below: 

Arnica montana

This flower has anti-inflammatory and pain-relieving properties that is approved for external use for injuries in Germany.(White LB and Foster S, 2000) Topical Arnica significantly improved bruising in a recent study, but another did not note the same benefit.(These different findings may be the result of the type of injury sustained though – improvement was seen in facelift patients, but not in those sustaining post-laser bruising.)(Seeley BM et al 2006; Alonso D et al 2002) Arnica has been shown to improve knee osteoarthritis as well.(Knuesel O et al 2002)
Black Cohosh

Black cohosh is a powerful relaxant reported to help inflammation from joint and muscle injuries, rheumatoid arthritis, sciatica, osteoarthritis, neuralgia, and leg cramps.(Maleskey G 1999) 

Bromelain

The natural pineapple enzyme bromelain is known for its anti-inflammatory properties. Bromelain has been reported to assist in the healing of a variety of health conditions marked by inflammation, including muscle soreness, sprained ankles, bruises, osteoarthritis, surgery, and even colds.(Maleskey G 1999, White LB and Foster S 2000)

Calendula officinalis (Marigold)

Like arnica, marigold has anti-inflammatory properties.(Herold A et al 2003, White LB and Foster S 2000) Since it inhibits bleeding, it has also been used in the treatment of wounds.(Duran V et al 2005; White LB and Foster S 2000) 
Cat’s Claw

The reported uses for this Peruvian plant include treatment of arthritis, bursitis, rheumatoid arthritis, fibromyalgia, and inflammation. It appears as though the function of cat’s claw is on immune function by way of antioxidant activity. However, studies of the supplement are lacking.(Maleskey G 1999)

Cayenne

Cayenne is known to increase blood flow to an injured part of the body causing a warm sensation. This is particularly soothing for bursitis and tendonitis. The substance capsaicin is responsible for the pain relief. Capsaicin has also been found to speed wound healing.(White LB and Foster S 2000)

Comfrey and Plantain: Allantoin-containing plants
These common weeds speed healing of wounds with a tissue-forming substance known as allantoin when applied externally.(White LB and Foster S 2000) The use of ingested comfrey supplement is emphatically not recommended due to liver toxicity. (Cooperman T et al 2003)
Cysteine

Supplementation with the amino acid cysteine may help produce another amino acid, taurine, which is a good anti-inflammatory.(Maleskey G 1999)
Devil’s Claw (Harpagophytum procumbens)

Devil’s Claw is used for pain relief and to reduce inflammation. Several studies support its reported benefits.(Huang TH et al 2005; Wegener T 1999) Devil’s Claw has also been recommended for hip and knee pain.(Wegener T and Lupke NP 2003) Patients with osteoarthritis, fibromyalgia, and gout may experience relief with this herb.(White LB and Foster S 2000, Chrubasik S et al 2002; )

DHA

Docosahexaenoic acid (DHA), a component of fish oil, effectively reduces several cytokines involved in the inflammatory process.(Khalfoun B et al 1997)
Ginger

Ginger can reduce muscle pain, osteoarthritis, and rheumatoid arthritis due its anti-inflammatory properties. One of the more commonly known benefits of ginger is its blood-thinning effect, which can help combat heart disease and stroke.(Maleskey G 1999, White LB and Foster S, 2000)

Glucosamine, chondroitin, and shark cartilage

Joint health is improved with supplements such as glucosamine and 
chondroitin, SAMe, hydrolyzed gelatin, omega-3 fatty acids, GLA, and antioxidants. Glucosamine and chondroitin are used in osteoarthritis patients to slow progression.  While chondroitin is responsible for promoting elasticity of cartilage, glucosamine is reported to enhance formation and repair. People who use these products report benefits with continued use, which can take weeks or months (Cooperman T et al 2003)
Gotu kola

Chinese and Indian cultures have attributed longevity to this slender plant. Gotu kola has steroid-like properties. Supplementation with gotu kola improves circulation, high blood pressure, varicose veins, and mental exhaustion.  For rehabilitation in the elderly, the healing of cuts, scrapes, and bruises appears to be quicker in those who supplement with gotu kola. Additionally, in those whose wounds heal slower – such as in diabetics – or those who are undergoing surgery should use gotu kola (unless advised otherwise). Both hypertrophic and keloid scars are improved following use as well.(Maleskey G 1999, White LB and Foster S 2000)
Grapeseed Extract (Vitis vinifera)

Strong antioxidant and anti-inflammatory compounds known as procyanidins are found in grape seeds. Grapeseeds have scavenging capability in the immune system. (Carini M et al 2001, Surh YJ 2001) Procyanidins neutralize free radicals in joints. Grape seed extract has been recommended in the treatment of fibromyalgia.(White LB and Foster S 2000)

Horse chestnut (Aesculus hippocastanum)

Horse chestnut, also known as Buckeye, is used in the treatment of vascular insufficiency.(White LB and Foster S 2000, Maleskey G 1999) This supplement can also used for the treatment of bruises, sprains, edema, and restless legs.(Maleskey G 1999, White LB and Foster S 2000) In Germany, horse chestnut is used to reduce postoperative swelling and for the  treatment of head injuries.(White LB and Foster S 2000) Horse chestnut preparations can be toxic in crude form.(Tiffany N et al 2002) Therefore, only standard preparations should be used.
Kava kava

Although the use of kava has been discouraged due to its potential for liver problems and other medical conditions, several European studies show a lack of side effects. In addition to relieving tension, it has a relaxing effect on chronic muscle spasms.(Maleskey G 1999)
Licorice

In addition to its claim to increase energy, licorice is known as an anti-inflammatory.(White LB and Foster S 2000, Aly AM 2005) Other uses for licorice include treatment for memory enhancement, atopic dermatitis, ulcers, and muscle cramps due to hemodialysis.(Dhingra D et al 2004, Saeedi M et al 2003, Hinoshita F 2003)
Vitamin K
While the main function of this fat-soluble vitamin is in clotting, vitamin K also reduces levels of IL-6, a pro-inflammatory messenger. Vitamin K regulates calcium and promotes bone calcification making it an attractive supplement in the treatment of  osteoporosis.(Weber P 1997) Although further studies are needed, antibiotics are thought to cause vitamin K deficiency by suppressing gut function.(Harkness R and Bratman S 2003) Vitamin K deficiency may also result from use of cephalosporins and anticonvulsants like phenytoin.(Harkness R and Bratman S 2003)
Marshmallow (Althaea officinalis)

External poultices of marshmallow root have been used to relieve bruises, inflammation, pain, and minor injuries.(White LB and Foster S 2000)

MSM and DMSO

Methylsulfonylmethane (MSM) is used in veterinary medicine to treat muscle and tendon soreness and inflammation. While research is limited, the dietary supplement MSM is used to treat conditions including muscle spasm and rheumatoid arthritis. It is thought that MSM acts like an antioxidant.  Dimethyl sulfoxide (DMSO) is chemically similar to MSM, although due to several adverse reactions it is no longer approved as a supplement. (It can be prescribed by a physician though for certain conditions.)(Cooperman T et al 2003)
SAMe
S-adenosyl-methionine (SAMe) is known as a treatment for joint stiffness, pain, inflammation, and osteoarthritis. This compound naturally occurs in the body and is responsible for producing some cartilage components.(Cooperman T et al 2003)
St. John’s Wort (Hypericum perforatum)

Although more popular for mood-enhancement, St. John’s Wort is an anti-inflammatory supplement that reduces pain and speeds wound healing.(White LB and Foster S 2000, Kumar V et al 2001)

Turmeric (Curcuma longa)

The Indian spice turmeric has gained popularity for its anti-inflammatory properties in the treatment of sports injuries. Additional benefits include its antioxidant, cholesterol-lowering, and anti-cancer properties.(White LB and Foster S 2000, Maheshwari RK et al 2006, Shishodia S et al 2005, Moon Y et al 2005, Sharma RA et al 2005 )
Controversial and Investigational Supplements

In this ever-changing field, controversy about supplement use will always exist. As new information becomes available, current supplements will be scrutinized. Investigational supplements will also continue to abound as we discover more about human anatomy and physiology as well as botany and knowledge of other animals. Presently, certain supplements, mainly used in power bodybuilding, are deemed controversial by some, such as MAN, Stack, Sesamin, AMP, A-AKG, 17-Halo-Methyl-Dianadrone, Anabolic pheromones, Methyl-1-Alpha, and Insulinogenic (Cinnulin). These and several others will not be discussed here. We intend to provide information about supplements that are generally known and could be obtained readily.
Bee pollen and Royal Jelly
Bee pollen contains many high levels of nutrients, such as iron, zinc, manganese, copper, potassium, calcium, magnesium, most B vitamins, and carotene. Is has been reported to increase energy and stamina, improve allergies, slow aging, reduce fatigue, and help sexual problems. However, studies are lacking on these positive effects. Ironically, although it is claimed to help allergies, those who consume bee pollen need to be diligent for anaphylactic shock – the most severe allergic reaction.(Maleskey G 1999) Similarly, there have been many positive health claims for the use of royal jelly. Of the many studies on this supplement, a decrease in the levels of lactate, ammonia, and depletion of muscle glycogen support the use of royal jelly to combat fatigue.(Kamakura M et al 2001)
DHEA 
The hormone precursor dehydroepiandrosterone (DHEA) has been claimed to have several health benefits including slowing aging, increasing libido, restoring memory, burning fat, and preventing heart disease. Once DHEA reaches a particular tissue, it creates the appropriate sex hormone for that tissue. The danger lies in that many tumors are hormone-dependent in both men and women. Therefore, the metastasis of the tumor is enhanced by the supplement. Due to the significant risks of tumor activation, liver damage, and heartbeat irregularity among others, supplementation with DHEA is not recommended.(Maleskey G 1999)

Ephedrine
Ephedra and ephedrine have been used to enhance energy, exercise performance, and fat loss, sometimes in conjunction with caffeine. The Food and Drug Administration banned ephedrine in 2003 following many health complaints including heart arrhythmia, hypertension, psychosis, seizures, heart attack, stroke, and death. However, many believe the claims made against the use of ephedrine were inflated by the media. Low-dose dietary supplements of ephedrine are still available, since supplements are governed by the Federal Food, Drug, and Cosmetic Act of 1938. Owing to its safety profile, the use of ephedrine, herbal products such as Ma Huang, and pseudoephedrine in over-the-counter drugs cannot be recommended as supplements.(Dwyer JT et al 2005) Nonetheless, past studies have shown most associated side effects are short-lived and mild, and ephedrine compounds are considered generally safe (Greenway 2001, Boozer et al 2002, Kalman et al 2002. Those who choose to use ephedrine derivatives should do so prudently. Ephedrine and pseudoephedrine should not be taken by people with high blood pressure, diabetes, glaucoma, thyroid disease, kidney disease, or impaired brain circulation.(Cooperman T et al 2003) Additionally, these products should not be used by women who are pregnant or men with benign prostate enlargement. Additionally, ephedrine compounds should not be used by people taking MAO inhibitors or phenelzine.( Harkness R and Bratman S 2003)

Fat and Starch blockers
While the theory behind fat and starch blockers is believable, it is unlikely that these supplements are able to effectively target the starch and fat they intend to bypass the body. Furthermore, the cost of these supplements given their lack of research evidence to support the claims is almost unbelievable. While manufacturers of these products support their claims, peer-reviewed medical literature on these supplements is not available. Lastly, the starch that is not digested leads to bloating, gas, and gastrointestinal upset.(UC Berkley Wellness Newsletter, February 2004)
Growth hormone

As previously mentioned, the use of supplemental growth hormone is hindered by its substantial side effects and prohibitive cost.
Testosterone-supporting supplements
Studies support that testosterone supplementation increases fat-free body mass, strength, and muscle size in men with low testosterone due to disease (Bhasin S et al 1997). Testosterone is also decreased in men as they age.(Feldman HA et al 2002) In other studies, testosterone produced positive results in elderly men, including greater muscle protein synthesis, fat-free mass, strength, exercise endurance, and balance. (Urban RJ et al 1995; Brill KT et al 2002) Although androstenedione has become a popular sports supplement to increase testosterone and performance, these claims may not be supported. Furthermore, it is possible that, in fact, estrogen levels may be increased rather than testosterone. Therefore, effects of excess estrogen may be increased, such as thromboembolism or certain cancers of the reproductive system. Women should avoid this supplement.(Harkness R and Bratman S 2003) 

Shark cartilage and bovine cartilage

The use of shark cartilage and bovine cartilage has been recommended for joint pain and arthritis. Despite the claims, research does not support the use of either supplement. Furthermore, shark cartilage expensive. However, the components of cartilage, that is glucosamine and chondroitin sulfate, have proven effective in studies.(Maleskey G 1999)
Velvet deer antler
Velvet deer antler was used to treat medical conditions in China over 2000 years ago. The use of velvet deer antler as a performance supplement has existed since at least the 1950s. Although many studies have been performed on velvet deer antler, one researcher contends human studies generally have been inconclusive in supporting evidence.(Sleivert G et al 2003) Conversely, other researchers, including former Chairman of the Medical Committee for Russian Bodybuilding Federation Dr. Arkady Koltun, MD, PhD, claim the data supports the use of velvet deer antler as a fitness supplement. Velvet deer antler is comprised of about 50% amino acids. Much is still not known about the annual regeneration of deer antlers and the effects of velvet deer antler supplementation in humans. Antler growth is associated with testosterone cycles and IGF-1 (insulin growth factor).(Suttie JM et al 1995, Rolf HJ and Fischer K 1990, Suttie JM et al 1985, Bubenik GA et al 2005) In one study, velvet deer antler sped recovery of wounds in diabetic rats.(Mikler JR et al 2004) Another study supported its use for osteoarthrosis in dogs.(Moreau M et al 2004) Research supports velvet deer antler is nontoxic in rats.(Hemmings SJ and Song X 2004) Furthermore, although no benefits were noted in a study by Allen M et al, deer antler can be used with other arthritis medications in humans without safety concerns.(Allen M et al 2002)
Wormwood

More popularly known for its flavoring in the illegal green alcoholic beverage called absinthe, dried wormwood preparations are claimed to stimulate the heart and improve circulation. Wormwood is extremely toxic, and should be avoided.(Cooperman T et al 2003)

Yohimbe hydrochloride)
Yohimbe, which is derived from tree bark, has been reported to enhance body building, improve sexual performance, and burn fat. The action of yohimbe is to dilate the blood vessels. Renal failure, seizures, and death have been cited after use. Overdose is characterized by weakness and nervous stimulation that can proceed to paralysis, fatigue, stomach disorders, or even death. The Food and Drug Administration states yohimbe should not be used by people with low blood pressure, diabetes, or diseases of the heart, liver, or kidneys.(Cooperman T et al 2003)
Safety

The following side effects and contraindications (use is not recommended) are for supplements generally accepted for use. The side effects of debated and banned nutriceuticals and substances are covered in the preceding section on controversial supplements.

Antioxidants

High doses of antioxidants may impair the ability of a niacin plus statin regimen to raise HDLs (“good cholesterol”).

Arnica montana

External use of Arnica montana has been associated with cases of contact dermatitis.(Paulsen E 2002,  Reider N et al 2001, White LB and Foster S 2000) Additionally, Arnica may interact with warfarin.(Heck AM et al 2000) Arnica is only advised for external use; internal use has been associated with a range of side effects from gastroenteritis to cardiac arrest. Only short-term use is recommended. Pregnant women should avoid using Arnica.(White LB and Foster S 2000)
Arginine
Nausea and diarrhea may result from high doses of arginine. Those with genital herpes should not take arginine due to increased risk of outbreaks. Arginine should not be taken at the same time as lysine due to possible interference between the supplements.(Maleskey G 1999)

Bee pollen

This supplement should be used with care by those who are allergic to bees, since it can cause anaphylactic shock.(Maleskey G 1999)

Black cohosh

Black cohosh may cause gastrointestinal problems, headache, diminished heart rate, and low blood pressure. This plant should not be taken by women who are pregnant or nursing.(Maleskey G 1999; White LB and Foster S 2000)
Bromelain
This enzyme should not be consumed by people allergic to pineapple. Additionally, bromelain may cause gastrointestinal upset, skin rash, and heavy menstrual bleeding. Increased hemorrhaging is possible in those who take blood thinners.(Maleskey G 1999, White LB and Foster S 2000)

Calcium

Overuse is also contributed to excess vitamin D, which results in the deposit of calcium in various tissues. Kidney failure and excess bone formation in children is also seen with excess calcium supplementation.(Cooperman T et al 2003) Patients who take thiazide diuretics should be aware of decreased calcium secretion while on these drugs. Signs of hypercalcemia include anorexia, constipation, and muscle weakness. The effectiveness of calcium-channel blockers such as verapamil may be reduced by calcium supplementation.(Harkness R and Bratman S 2003)

Calendula officinalis (Marigold)

Marigold has been attributed with contact dermatitis.(Reider N et al 2002, Paulsen E 2002) Marigold may cause an allergic reaction in those with ragweed allergy.(White LB and Foster S 2000)
Carnitine

Thyroid hormone action may be suppressed by carnitine supplements.(Harkness R and Bratman S 2003)
Chondroitin

While considered safe, occasional stomach upset has been noted with use. Additionally, caution should be taken with people who use blood-thinning drugs or aspirin, since chondroitin has a similar structure to the drug heparin.(Cooperman T et al 2003)

Co-enzyme Q10

When used as a supplement in congestive heart failure patients, its use should never be abruptly halted as this can cause worsening of symptoms. Potential drug interactions exist between CoQ10 and diabetes medications, as well as with blood thinners.(Cooperman T et al 2003, Harkness R and Bratman S 2003)
Copper
Excess copper results in liver damage and nausea.(Cooperman T et al 2003)
Creatine

The safety of creatine has been extensively researched. There have been no side effects found in several groups of patients taking creatine supplements for over five years.(Kreider RB et al 2003; Schilling BK et al 2001; Poortsmans JR et al 2000; Terjung RL et al 2000) The use of creatine is discouraged in those with pre-existing kidney dysfunction, since elevated creatinine (a byproduct) is a marker (not an indication) for kidney disease. While studies of creatine on kidney function have produced no negative effects (Poortmans JR et al 1999; Mihic S et al 2000; Taes YE et al 2003), other experts claim it puts stress on kidneys.(Maleskey G 1999) The safety of creatine supplementation in pregnant and nursing women has not been established.(Cooperman T et al 2003)
Cysteine
Supplementation with the amino acid cysteine can inactivate insulin in diabetics. Additionally, kidney stones can develop in people with cystinuria. Additionally, cysteine 
may decrease zinc and copper levels.(Maleskey G 1999)
Devil’s Claw (Harpagophytum procumbens)

The supplement known as Devil’s Claw should not be used by people with ulcers or women who are pregnant or nursing. Those with heart disease only should use this supplement with a physician’s permission.(White LB and Foster S 2000)
Flaxseed

High-fiber supplements such as flaxseed can delay the effects of oral medications when taken at the same time.(White LB and Foster S 2000)

Garlic
People who take blood thinners or hypoglycemic medications for diabetes should not use garlic supplements. Additionally, women who are breastfeeding should not take garlic.(Maleskey G 1999, White LB and Foster S 2000)
Omega-3 polyunsaturated fatty acids/Fish Oil

The omega 3’s increase bleeding time and can cause upset stomach. This supplement should not be taken by people with high blood pressure or in those with fish allergies. People with diabetes should not take omega 3 oil due to its high fat content.(Maleskey G 1999)
Ginger

The dried form of ginger should not be taken by people with gallstones.(Maleskey G 1999) Ginger may also interact with anticoagulant drugs. Due to its blood-thinning potential, discontinue use before surgery. Pregnant women should consult with a physician before consuming.(White LB and Foster S 2000)
Gingko biloba
Several drug interactions exist with gingko biloba. This supplement should be avoided by those taking blood thinners or MAO inhibitors. Gingko can cause gastrointestinal upset, rash, allergic reactions, or headache.(Maleskey G 1999, White LB and Foster S 2000)

Ginseng

Although considered generally safe, ginseng can interact with estrogens and blood thinners such as warfarin. Ginseng may cause hypertension, hypoglycemia, and menstrual abnormalities. Before surgery, the patient should tell the hospital staff of ginseng use.(Cooperman T et al 2003) Ginseng can falsely elevate digoxin levels in patients.(Harkness R and Bratman S 2003) The effects of antibiotics are also increased with ginseng.(White LB and Foster S 2000) High doses have been associated with overstimulation and insomnia. Isolated case reports have indicated symptoms of estrogen excess following ginseng use. Additional cases have reported headache, insomnia, and tremors in those who also take phenelzine.(Harkness R and Bratman S 2003, Miller LG 1998) Ginseng should not be taken by women who are pregnant or nursing.(Cooperman T et al 2003)

Glucosamine

Some people have reported gastrointestinal upset, skin problems, headache, and drowsiness. As an amino sugar, blood sugar levels may also be affected. Those allergic to shellfish may also be allergic to this product derived from crab shells.(Cooperman T et al 2003)
Glutamine

The Physician’s Desk Reference reports high-dose glutamine supplementation can result in constipation and bloating. Those people with sensitivity to glutamine products, those patients with kidney or liver problems, and women who are pregnant or nursing should avoid glutamine unless prescribed. Also, diabetics, cancer patients, and those with neurological conditions such as stroke and epilepsy should not take this supplement except upon approval by a physician.
Gotu Kola

Gotu kola may cause headache or rash. Supplements should not be taken by women who are pregnant or nursing.(Maleskey G 1999)

Hawthorn

Hawthorn supplements may increase the action of certain heart medications (like digitalis) and decrease associated side effects.(White LB and Foster S 2000)

Horse chestnut (Aesculus hippocastanum)

Only standardized preparations of horse chestnut (buckeye) should be used due to the high potential of toxicity in crude forms. Horse chestnut can interact with blood thinners. Side effects of itching, nausea, and stomach upset have been reported following use. Horse chestnut should not be used by women who are pregnant or nursing.(White LB and Foster S 2000)

Iron

Iron supplements should not be taken by men due to varied health concerns. Constipation can result from iron supplementation. Generally, iron supplementation should be based on the diagnosis of anemia. People with hemochromatosis should not take iron.(Maleskey G 1999)

Isoflavones and Soy

People who are allergic to soy products should avoid this supplement. Women with estrogen receptor-positive breast cancer should not consume this supplement. Furthermore, women who are pregnant or nursing should not take isoflavone supplements. Overuse of isoflavones possibly can result in reduced fertility. Finally, those with thyroid dysfunction should be aware of the possible effect of isoflavones on this organ.(Cooperman T et al 2003, Harkness R and Bratman S 2003)

Kava kava

Overdosing with a toxic amount of the sedating supplement kava kava is possible. Additionally, coma has resulted from using kava and the drug alprazolam at the same time.(Miller LG 1998)

Licorice (Glycyrrhiza glabra)

Licorice supplementation can interfere with the drug digoxin. Additionally, licorice can effect spironolactone.(Miller LG 1998) Licorice should not be taken for more than 6 weeks. Use of licorice is not recommended in those who are pregnant or have high blood pressure. Licorice should not be used in people with heart, liver, or kidney disease.(White LB and Foster S 2000) Cases of muscle deterioration have been reported with licorice use.(Firenzuoli F 2002)
Lysine

The amino acid lysine should not be taken at the same time as arginine due to possible interference.(Maleskey G 1999)

Magnesium

Excess magnesium can cause gastrointestinal upset, low blood pressure, and muscle weakness. Food sources do not cause these side effects as do supplements.(Cooperman T et al 2003) Since urinary output of magnesium is lessened in those people taking potassium-sparing diuretics, caution must be taken by these individuals. Additionally, the absorption of nitrofurantoin and penicillamine may be reduced by magnesium supplements.(Harkness R and Bratman S 2003)
Manganese

Individuals with liver disease experience side effects from manganese supplementation in lower doses than the general population. Adverse neurological effects that mimic those of Parkinson’s disease have been reported with continued use. Manganese may interfere with iron absorption.(Cooperman T et al 2003) Calcium-containing antacids may reduce manganese absorption. (Harkness R and Bratman S 2003)

MSM

The supplement known as MSM can cause gastrointestinal upset or headache. It may also affect blood-thinning drugs. Women who are pregnant or breastfeeding, as well as children, should not take MSM.(Cooperman T et al 2003)

Phenylalanine

Supplementation with the amino acid phenylalanine can result in extremely high blood pressure, especially in people who take MAO inhibitors. Additionally, phenylalanine should not be taken by people with phenylketonuria.(Maleskey G 1999)

Potassium

Supplementation with potassium is not recommended unless on the advice of a physician. Potassium can cause cardiac arrest and kidney problems in high doses.(Maleskey G 1999)

SAMe

The SAMe supplement has been reported to produce nausea and gastric upset, which is the reason for the availability of enteric-coated products. Since it is also known as an antidepressant, those with bipolar disorder should be aware of the possibility of a manic episode following use of SAMe.(Cooperman T et al 2003)

St. John’s Wort (Hypericum perforatum)

St. John’s Wort may cause skin reactions with sun exposure.(White LB and Foster S 2000) Compresses of St. John’s Wort should not be used in conjunction with supplements due to a possible increased amount in the body. Use of St. John’s Wort should be discontinued before surgery. St. John’s Wort can increase the effect of narcotics and certain antidepressants (particularly MAO inhibitors and SSRIs) as well as alter the effectiveness of a variety of other medications ranging from contraceptives to cholesterol-lowering drugs to antimigraine medications.(White LB and Foster S 2000, Cooperman T et al 2003)

Tyrosine

Tyrosine supplementation can result in dangerously high blood pressure levels, particularly in people who take MAO inhibitors.(Maleskey G 1999)
Turmeric

Turmeric may interact with anticoagulant drugs. This herb should not be taken by people with gallstones or obstructed bile ducts.(White LB and Foster S 2000)

Vanadium

High doses of vanadyl sulfate, such as the amount used by bodybuilders, can be toxic. Diabetics should be aware of this supplement’s effect, which is to lower blood glucose level.

Vitamin A

Excess vitamin A is toxic to the liver, central nervous system, skin, and bone. Isotretinoin should not be taken in conjunction with vitamin A supplements.(Harkness R and Bratman S 2003) This toxicity can also extend to fetuses and infants during pregnancy and breastfeeding.(Cooperman T et al 2003) Although studies are needed, the use of anticonvulsants such as valproic acid should not be taken in conjunction with vitamin A during pregnancy due to possible birth defects. The anticoagulant effects of warfarin may be increased by vitamin A.(Harkness R and Bratman S 2003)

Vitamin B

High doses from the vitamin B family can cause itching, tingling, burning, hypotension, vasodilation, nerve damage, skin lesions, or even death.(Martini FH et al 1995, Cooperman T et al 2003) In large doses niacin may cause liver toxicity.(Cooperman T et al 2003) Following supplementation, excess nicotinamide has been noted in patients who take carbamazepine. Nicotinamide may also increase the circulating drug level of the anticonvulsant primidone. Higher doses or vitamin B6 can reduce the effect of levodopa in Parkinson’s disease.(Harkness R and Bratman S 2003) High doses of B6 are shown to cause nerve damage.(Maleskey G 1999) Large amounts of folic acid can cause kidney damage and interfere with the diagnosis of vitamin B12 deficiency. Interactions with certain drugs and other supplements have been reported, so disclose vitamin B supplementation to your physician.(Cooperman T et al 2003)
Vitamin C
Although it is a water-soluble vitamin, high doses of vitamin C can lead to kidney and bladder stones.(Martini FH et al 1995, Cooperman T et al 2003) Diarrhea and gastrointestinal upset may also result. Vitamin C can lead to problems with absorbing tricyclic antidepressants and anticoagulants. Diagnostic tests, such as those for testing levels of cholesterol, blood sugar, and fecal blood, may be hindered by the overuse of vitamin C. (Cooperman T et al 2003) The anticoagulant effect of warfarin may be reduced by high-dose vitamin C.(Harkness R and Bratman S, 2003, Maleskey G 1999)
Vitamin D

High doses of vitamin D can cause lead to calcium deposits in tissues, which disrupts functions.(Martini FH 1995) Calcium deposits in the heart and kidney can be fatal.(Maleskey G 1999) High blood pressure, heart arrhythmia, seizures, and nausea can result from this hypercalcemic state. Birth defects can result from overuse in pregnant women.(Cooperman T et al 2003)

Vitamin E

Vitamin E can interfere with blood-thinning medications, such as warfarin or dicumarol. Hemorrhaging has been reported with overuse.(Cooperman T et al 2003, Harkness R and Bratman S 2003) Statin drugs can also interact with increased vitamin E intake. There may be increased risk of stroke with vitamin E use. Care should also be taken by smokers who use vitamin E. Large doses of vitamin E can interfere with vitamin K absorption.(Maleskey G 1999)

Vitamin K

Excess use of vitamin K can result in liver dysfunction and jaundice.
Zinc

Reports of impaired immune system function and copper absorption have been reported following excess use. Interestingly, however, zinc and magnesium enhanced the effect of antibiotics in one study.(Khan F et al 2005)
 [SIDEBAR]

“Nutrition as Supplementation”
Amino Acids

Food sources of amino acids include meat, fish, dairy, cheese, yogurt, and soy, as well as legumes.(Maleskey G 1999)

Bromelain – Pineapple (Maleskey G 1999)

Fiber
Sources of fiber include all plant foods, particularly wheat-bran cereals, figs, peas, oatmeal, pears, apples, oranges, barley, and sweet potatoes.(Maleskey G 1999)

Fish Oil/Omega 3 Polyunsaturated fatty acids
Salmon, herring, swordfish, mackerel, albacore tuna, and rainbow trout provide omega 3 oils.
Copper

Nutritional sources of copper include organ meats, oysters, nuts, seeds, and fortified cereals. The necessary amounts are generally achieved through a varied diet.(Cooperman T et al 2003)

Chromium

Sources of chromium include ham, turkey, broccoli, eggs, cheese, liver, and whole wheat products. (Cooperman T et al 2003; Maleskey G 1999) Brewer’s yeast is another source, but should not be used as the sole source for chromium supplementation due to variability.(Maleskey G 1999)
Glutamine

Food sources of glutamine include beef, poultry, fish, dairy, cabbage, and beets.

Iron

Iron can be obtained from meat, shellfish, and fortified cereals.
Magnesium
Magnesium can be obtained from whole grains, spinach, beans, peanut butter, and fortified cereals.

Manganese

Dietary sources of manganese include legumes, whole grains, nuts, and tea.

Potassium

Dietary sources of potassium include bananas, baked potatoes, spinach, prunes, avocados, and watermelon.(Maleskey G 1999)
Vitamin A

Vitamin A is found in the forms retinol and beta-carotene. Retinol is found in dairy products and liver. Beta-carotene is found in orange vegetables, most notably carrots, and spinach. 

Vitamin B Family

Most of the vitamin B family is obtained from meat and dairy sources.(Martini FH 1995) Thiamin (B1) can be obtained from years, beans, peas, and grains. Vegetables and nuts supply riboflavin (B2). Niacin (B3) is found in fish, meat, peanuts, and enriched flour. Pantothenic acid (B5) is found in yeast, liver, salmon, peanuts, and mushrooms. Dietary sources of pyridoxine (B6) include meat, spinach, broccoli, bananas, and wheat germ among other foods.(Maleskey G 1999, Cooperman T et al 2003) Folic acid is derived from dark green, leafy vegetables and oranges. Vitamin B12 is found in meats, including poultry and fish. Although produced by the body, dietary sources of biotin include organ meats, oatmeal, egg yolks, mushrooms, peanuts, and other foods.

Vitamin C

The source of most vitamin C is citrus fruits although it can be obtained from other foods such as strawberries, broccoli, tomatoes, and brussel sprouts.(Martini FH 1995, Cooperman T et al 2003, Maleskey G 1999)

Vitamin D

Many foods are fortified with vitamin D. This is especially true of milk, which also contains calcium.(Martini FH 1995) Another food source is fatty fish.(Maleskey G 1999)

Vitamin E
Foods that contain vitamin E include hazelnuts, sweet potatoes, peanut butter, avocados, and wheat germ among other sources.

Vitamin K
Although produced by intestinal bacteria as well, the main dietary sources of vitamin K include green vegetables, organ meat, and grains.(Martini FH 1995)

Zinc
Zinc can be found in fortified cereals, red meat, seafood, and whole grains.
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