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How Body burns fat

http://main.poliquingroup.com/ArticlesMultimedia/Articles/PrinterFriendly.aspx?ID=1122&lang=en 

[image: image3.png]#1. Knowing where and how energy is stored in the body will improve fat loss results.

Your body has the following energy sources available to it, which it burns at different rates depending on the
intensity of physical activity

+ Body fat provides roughly 30,000-100,000 calories in normal-weight people, depending on how much body fat
you actually have. In obese people, the number is much higher.

+ Muscle glycogen provides 1,400-2,000 calories or 350-500 grams of glycogen, which is enough for 90
minutes of endurance exercise. It is stored in muscle cells and used by those cells for energy.

« Liver glycogen provides about 400 calories or 100 grams of glycogen. It can be turned into glucose and used
by the rest of the body, such as the brain and blood cells

+ There’s also muscle and tissue, which is made of amino acids and can be broken down to produce glucose.
This is the not ideal because it leads to loss of lean mass.




[image: image4.png]#2. During exercise, the intensity of the exercise dictates the proportion of fat or carbohydrates being
burned.

Fat is your body's primary fuel when you haven't just eaten and aren't exercising (a state we call “at rest’). At
fest, when you're sitting at your desk or even going for a walk, your body is burning mostly fat, but depending on
the need for energy (such as if you had to walk up three flights of stairs), you're body may increase carb burning

When you start exercising or lifting weights, you need a more rapid supply of energy. The percentage of fat used
as fuel decreases in favor of carbs.

However, this increase in carb burning doesn't mean that it will lead to less fat loss. In fact, as you increase
exercise intensity and rely more on carbs, the amount of calories you burn increases exponentially as you
fequire large amounts of energy to fuel your efforts

Here's an example: If you burn 200 calories per hour walking slowly, 60 percent s fat (120 calories) and 40
percent s carbs (80 calories). But if you burn 600 calories running at a pace of 8 minutes a mile, 40 percent is
fat (240 calories) and 60 percent is carbs (360 calories),

The higher intensity exercise leads to more calories being used, more fat being burned, and more carbs being
burned—all favorable effects for fat loss.




[image: image5.png]#3. After a strength training workout, there is a profound increase in the rate of fat burning in the post-
workout period.

Research into energy use during strength training shows the following relevant facts

+ The time spent lifing in traditional protocols results in minimal calories being burned, but after each set,
energy use rises significantly. The most calories are burned between sets.

+ After a strength training workout, energy use is elevated for up to 24 hours over baseline, and the percentage
of fat that is burned increases

+ Theincrease in energy expenditure after strength training is generally equal to or greater than the increase
following steady-state aerobic exercise. The increase in the use of fat for fuel is also greater with intermittent
exercise than steady state




[image: image6.png]is most effective for fat loss because it elevates fat burning during recovery

the most.

Both sprint training and circuit strength training with short or no rest between sets have a profound effect on post-
workout calorie burn and the use of fat for energy.

For instance, a recent study found that after a high-intensity (HIT) strength workout that that took 32 minutes,
trainees experienced a 24 percent increase in calorie burn equaling 452 calories in the 22 hours after the
workout.

Atraditional strength program that took double the time resulted in a 5 percent increase in calorie burn totaling
98 extra calories. This is average for strength workouts with long rest periods that allow for complete recovery
between sets so as to maximize load

In addition, the HIT group had a greater increase in the use of fat for energy over the post-workout period
compared to the traditional group.

Another benefit of HIT-style programs is that they improve the body’s ability to burn fat at rest, which is known as
metabolic flexibility. Metabolic flexibility is impaired in sedentary people, which is one reason that fat loss is so
difficult when only modifying diet




[image: image7.png]#5. Intermittent high-intensity exercise modes are favorable for fat loss because they build muscle mass.

The true power of exercise for producing fat loss is in the ability of anaerobic training to build lean muscle mass.
because it increases your total net calorie burn

For example, a study that compared high-intensity training and endurance training found that the HIT group lost
9 times more body fat than the endurance group, while dramatically increasing metabolic flexibility.

Basically, researchers found that not only did the trainees bur more fat overall during and exercise and in the
post-exercise recovery period, they also enhanced enzymes in the body that allow it to mobilize and use fat for
energy all the time.

#6. Burning a large amount of carbs is beneficial for fat loss because it depletes muscle and liver
glycogen stores.

If your glycogen stores are low, when you eat carbs, they get turned into glucose, which gets stored as glycogen
I your stores are full, the glucose goes to fat

This s the reason that if you're in a fat loss phase, you should do glycogen-depleting exercise and eat your carbs
post-workout so that those delicious carbs go to glycogen rather than fat.

#7. Eating a low-glycemic meal pre-workout elevates energy expenditure and the use of fat for fuel in the
post-workout period much more than training on an empty stomach.

Despite the consistent rumors that fasted cardio increases fat burning, research shows that when trainees eat
pre-workout, they consistently burn more calories during the post-exercise recovery period in both moderate- and
high-intensity ranges.

Additionally, there’s at least one study showing that the amount of fat burned during the 24-hour recovery period
is significantly greater when trainees ate a meal before the workout.




[image: image8.png]#8. Supplementing with carbs before or during exercise will suppress fat burning and elevate carb
burning. Fructose increases carb burning more than glucose.

Consuming carbs pre-workout leads to an immediate shift to the use of carbs for fuel. Drinking fructose is
especially problematic because it not only increases the use of carbohydrates more than consuming glucose, it
makes the cells more resistant to insulin.

Endurance athletes often use carbs in the latter stages of workouts to provide a fuel source when muscle
glycogen has been used up. There are arguments for and against this practice that are out of the scope of this
article. Know that for fat loss, carbs should be avoided pre- and during exercise.

#9. Supplementing with carnitine can increase fat burning and improve the overall use of energy at high
intensities for optimal body composition changes.

Carnitine i a nutrient in the body that is critical for fat burning. It is responsible for the transport of fats into the
cells to be used for energy.

Elevating carnitine stores has been found to reduce fat gain when eating a high-calorie diet because it increases
energy expenditure. During exercise, greater canitine stores lead to the sparing of glycogen for greater work
capacity due to elevated fat burning

The effect is a significant increase in time to exhaustion when training hard. Greater exercise capacity allows for
more total calories to be burned, which is obviously favorable for losing body fat

#10. Caffeine and fish oil enhance fat burning, however, they are not the magic bullet for fat loss.
Caffeine is the most well-known fat burner available. It encourages the fat in your cells to leave so that it can be
burned for fuel. Research suggests doses between 3 and 8 mglkg of body weight of caffeine as ideal for

enhancing athletic performance.

Fish il increases the activity of the uncoupling protein genes 1 and 3, which enhance fat burning and energy
expenditure. Simply, the uncoupling proteins raise body temperature, increasing the amount of calories you burn




[image: image9.png]#11.

ietary manipulation and genetics are key players in the body’s use of fat for fuel.

Genetics, diet, and gender also play a role. Women naturally burn more carbs at rest than men, but they burn
more fat during exercise, making it imperative for all women to train if they want to get lean

In one review of fat burning, scientists wrote that ‘66 percent of the variance (in the use of fat versus carbs for

energy) could not be accounted for,” of which some was probably diet, but which the rest was likely genetically
determined




Tips for easier fat loss and more muscle mass
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[image: image10.png]Tip #1: Train Each Body Part At Least Twice A Week
Muscles need to be trained frequently in order to grow. This is one area that a lot of bodybuilders get wrong—they use
body part splits and train each body part just once a week. Instead, use a higher training frequency that allows you to it
each body part at least twice a week will ensure recovery and allow for maximal muscle development

Tip #2: Vary Your Training Every 3 to 4 Weeks
Most people will pick a training program and stick with it indefinitely. Your body adapts very quickly so this approach
yields diminishing retumns. Instead vary your training parameters every 3 to 4 weeks, switching up rep ranges, the number
of sets, loads and even exercises.

Tip #3: Get Your Volume In But Limit Your Rest Periods
High-volume, short rest training is your best friend when you want to get shredded. Muscle growth is the resuit of three
factors: mechanical tension, metabolic stress, and muscle damage. All three factors are best achieved with higher rep
ranges (8-15) and short rest periods (60 or less). This combination is ideal for reducing body fat as well

Tip #4: Do Sprints/Avoid Long-Slow Cardio
If your goal s to build muscle and lose fat, you'll get better and faster resuits from bike sprints than jogging, which
interferes with muscle and strength gains while also unnecessarily raising cortisol. Do your sprints separately from weight
workouts to make the most of your efforts and recovery.

Tip #5: Use a Moderate Rate of Fat Loss
You'll get better body composition results with a smaller calorie deficit and a longer “cutting” phase, rather than a more
severe one over less time. For example, one study found athletes lost significantly more body fat with a deficit of 450
callday compared to a severe deficit of 900 callday. The smaller deficit took double the time but it preserved lean mass
and training quality was higher.

Tip #6: Pick A Daily Protein Goal & Distribute Protein Evenly At Meals
Eating protein foods kickstart the muscle building process by providing a new pool of amino acids for the body to pull
from. Stimulating protein synthesis throughout the day gives your body more opportunity to add muscle and increases the
likelihood you'll reach your daily protein goal

Tip #7: Match Protein Intake To Your Goal
Ageneral protein recommendation for athletes or people lfting weights is to get 1.2 to 2.2 glkg of protein a day. If you're
dieting, extra lean, or doing cardio in addition to liting, you need more protein. One review recommended 2.3 t03.1 glkg
of lean body mass for this population. That equals 155 to 210 grams of protein a day.

Tip #8: Don’t Be Afraid of Fat
Shoot for 30 percent of your calories from fat, getting it from a variety of sources. If you decide to go low fat to cut
calories, be sure to eat a decent amount of saturated fat (butter, meat, eggs) because this can help maintain androgen
hormone levels.




[image: image11.png]Tip #8: Don’t Be Afraid of Fat
Shoot for 30 percent of your calories from fat, getting it from a variety of sources. If you decide to go low fat to cut
calories, be sure to eat a decent amount of saturated fat (butter, meat, eggs) because this can help maintain androgen
hormone levels.

Tip #9: Don’t Cut Calories & Carbs Simultaneously
A common mistake when trying to maximize fat loss is to slash calories while eliminating carbs. This approach leads to
reduced performance—carbs are necessary to replenish glycogen, the fuel source for muscle. It's also miserable and
leads to a metabolic slowdown and a greater loss of lean mass due to lower insulin and testosterone levels.

Tip #10: Cycle Your Carbs
Carb cycling has you eat higher carb on heavy training days and lower carb on off or light training days. This can allow
you to keep training quality high to optimize muscle mass. Note that we said “lower” carb not *no’ carb. You still need
some carb-containing foods other than leafy green vegetables if your training intensely.




How Exercise –related hormones have a powerful fat loss effect
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[image: image12.png]#1: Increase Growth Hormone For Greater Fat Burning

Growth hormone (GH) is probably the most well known hormone to have an excrcise-related fat loss effect.
Besides initiating fat burning, GH also facilitates protein synthesis for faster recovery and greater muscular
development.

With exercise, more GH is relcased the harder you train. This is on reason that high-intensity workouts are so
popular for fat loss: They cause the relcase of extra GH. In particular, GH release is correlated with high lactate
levels. Lactate is produced at high intensitics in which inadequate oxygen is present. This makes sprint training
and intense weight training with short rest periods ideal for clevating GH and reaping its fat burning, body
sculpting effects.

#2: Boost Catecholamines For Higher Metabolic Rate
The catecholamines are cpinephrine and norepinephrine. They stimulate the central nervous system, raising
your metabolic rate. These hormones also initiate fat burning in both fat tissuc and active muscles.

Catecholamine release is most closely related to exercise intensity. In a study of male eyelists, norepinephrine
increased linearly as intensity that exceeds 50 percent of VO2 max, whereas epinephrine remained unchanged
until intensity exceeded the 75 percent level.

The catecholamines are also released in large quantitics in response to short, maximal intensity cfforts, such as
sprints or weight training. Interestingly; sprint and power athletes show higher elevations of the catecholamines
than endurance athlctes, which is related to the higher anacrobic contribution to energy supply during these
activitics.

#3: Balance Cortisol For Easier Fat Loss

Cortisol is released by the body in response to both physical an psychological stress in order to free energy

stores to be burned. Many people think that all stress is bad and therefore, elevations in cortisol need to be
avoided. Not so.

When balanced, such that cortisol is readily metabolized following a stressful experience, cortisol can be
beneficial for body composition because if gives you energy and raises your metabolism. However, when
cortisol levels are chronically high, muscle loss and fat gain often oceur. If you are in an energy surplus and
cxperience intense stress throughout the day; high cortisol in the presence of insulin makes the body store fat.

The key is to develop a lifestyle that balances short, acute clevations in cortisol from hard training with
adequate recovery. You also have to find ways of coping with life stress that give you rejuvenating down time
s that your adrenals stay responsive and healthy.

Besides scheduling in pleasurable activities like social time and listening to music, some forms of exercise will
help you manage stress. For cxample, anacrobie forms of exercise such as sprints or weight training have been
found to reset the hypothalamic pituitary axis so that it becomes more responsive and cortisol balance
improves. Favorable changes in body composition tend to follow.




[image: image13.png]#4: Increase Insulin Sensitivity For Greater Fat Burning & Higher Metabolic Rate
Insulin is a storage hormone that regulates blood sugar (glucose) entry into fat and muscle cells.

Exercise is fantastic for improving how your body uses insulin because it makes the muscle cells more
sensitive to insulin and muscle consumes more than 90 percent of the glucose in your blood. s a win-win
situation that has obvious benefits for fat loss: More energy is being burned instead of stored as fat, and your
body is able to handle significantly more carbs, without storing those calorics as fat.

Studics show all forms of physical activity improve insulin sensitivity, however, anacrobic modes like weight
training and sprinting may have the greatest impact because they buiid lean tissue, thereby increasing your
overall demand for energy. For every 10 percent increase in muscle mass. you get an 11 percent increase in
insulin sensitivity.

#5: Boost Myokine Hormones To Raise Metabolic Rate

Emerging rescarch shows there are a number of powerful metabolic hormones that are released by muscle
tissue in response to exercise. Myokines are one class of these compounds that have been found to raise
metabolic rate by causing the browning of white fat tissue. People with more brown fat tend to be leancr and
have higher resting metabolic rates than those with more white fat.

A particularly exciting myokine is irisin, which helps the body burn excess body fat, while also improving
cognition and gencral well being. Although irisin increases in response to both acrobic and anacrobic training.
the effect appears to be greatest following weight training. This is possibly duc to the foree of the muscle
contractions required to lift heavy loads.

#6: Master Your Hunger Hormones
The most important factor in achieving fat loss is to cffectively manage your hunger hormones. Glucagon is a
hormone that increases with exercise in order to initiate fat burning and keep cnergy levels in balance. When
glucagon is clevated it signals the body to reduce levels of ghrelin, which is a hunger stimulating hormone.

Ghrelin is normally relcased by the stomach and it increases a few hours after cating to induce hunger. Leptin is
relcased by fat tissue and rising levels shut off sensations of hunger, but falling levels trigger appetite and slow
metabolism.

I¢'s still unclear exactly how exercise impacts the hunger hormones, however, there is evidence that high-
intensity short duration exercise such as weight training or intervals will suppress appetite. For example, one
study found a 35 percent increase in glucagon concentrations with higher exercise intensities. This causes a
cascade effect, reducing ghrelin and making the body more sensitive to leptin.



[image: image14.png]#7: Raise Testosterone For Better Body Composition
Although women have much lower levels of testosterone than men, testosterone is key for both sexes to
achicve peak athletic performance. It is beneficial for body composition, promoting fat burning and
development of lean mass in trained muscle.

During exercise, testosterone is locally synthesized in muscle from DHEA. Additionally, exercise helps
increase the testosterone-to-cortisol ratio, which is a marker of recovery and the overall anabolic environment
in the body.

Testosterone is clevated the most in response to intermittent exercise with large muscle groups such as sprints
or weight training. Heavier loads (above 80 percent of the 1RM) and relatively short rest periods (1 to 2
minutes) have been shown to lead to the greatest testosterone release. In one review. rescarchers write that hard
training is the only way to get the body to release more testosterone and other androgens, which enable peak
performance.

“There are no substitutes o shorteuts available,” write researchers. “If the body requires more androgens, it
will produce them endogenously.”

Practical Take Away Points:

#1: Exercise!
Although a well-planned healthy dict is paramount for fat loss, regular exercise is also critical because it leads
to the release of hormones that increase fat burning and raise metabolic rate.

#2: Train With Weights.
‘Weight training not only helps preserve lean muscle mass during fat lass, but forceful muscular contractions
Iead to the relcase of hormones that boost daily calorie burn, making it casier to create an energy deficit.

#3: Do Sprints.
High intensity intermittent training modes such as weight training and sprint intervals convey unique benefits
for body composition by reducing hunger and favorably affecting hormone response to exercise.



[image: image15.png]#5: Make Every Workout Count.

One thing that sets the successful people apart is they have a high training quality—there are no shortcuts
available. They o in and get it don in the gym, cutting no corners and putting in the effort. Their bodies
respond accordingly!




[image: image16.png]The pump effect is driven by a molecule known as nitric oxide (NO) that is part of the NO-cGMP
pathway. In response to hard work, neurons release NO from nerves and endothelial cells in and
around the working muscle. From here, NO makes its way to the smooth muscle cells lining blood
vessels, where it binds to guanyl cyclase. This NO-guanyl cyclase interaction results in the production
of cGMP. cGMP then goes on to activate downstream signaling that decreases calcium levels in the
smooth muscle that lines blood vessels, leading to relaxation and arterial dilation.

While this may sound complicated, the overall concept is straightforward: NO is locally
released, which increases cGMP levels, which in turn increases blood flow to working
muscles.




[image: image17.png]There’s a huge market for supplements meant to potentiate the pump by affecting the NO-cGMP
pathway. Many contain large amounts of L-arginine, which is combined with oxygen by the nitric
oxide synthase (NOS) enzyme to produce NO. This type of supplement is generally taken pre-
workout, where a bolus of arginine with the right timing spikes blood arginine levels when it counts,
increasing NO production and blood flow to working muscles.

While this looks great on paper, L-arginine supplementation is not perfect. As much as L-arginine
exists at the business-end of NO synthesis, getting significant quantities into the bloodstream can be
an inefficient process. A significant amount of arginine taken orally will be broken down in the liver
before it ever gets into circulation. The second issue is that NO is a highly reactive molecule that is
broken down soon after it is formed.

There are two main issues to using L-arginine supplementation to increase NO levels:
L-arginine delivery into the bloodstream, and NO and stability.




[image: image18.png]Use Citrulline to increase blood
arginine levels

Because L-citrulline is more readily absorbed than L-arginine, which is rapidly broken down in the
liver before it reaches circulation, L-citrulline is a far more efficient way to increase blood arginine
levels. One study in heart patients found that 3g of citrulline (as citrulline malate) was equivalent to a
6g dose of arginine, suggesting that citrulline may have twice the potency of arginine itself when it
comes in increasing arginine levels in the blood stream.

Doses of citrulline in the 4-8 g range seem to be optimal for boosting pre-workout NO levels, and can
be taken as free-form L-citrulline as well as citrulline malate. For the purposes of increasing blood
arginine levels, these are probably interchangeable, and the malate form has shown promise in a
recent study on lower-body resistance exercise, as seen in Figure 1. Keep in mind though, that 1.8g
of citrulline malate is equivalent to only 1g of free-from citrulline, due to the added molecular weight
of the malate salt.

The solution to the delivery problem is an easy fix: take citrulline instead. L-citrulline is
byproduct of NO synthesis that can be converted back into arginine through the
arginine-citrulline cycle.




[image: image19.png]Increase glutathione levels to stabilize
NO in the blood stream

Having solved the delivery issue by taking L-citrulline, we still have a problem to overcome to
maximize the potential of NO: it breaks down real fast in the blood stream. If there was a way to
extend the life of NO even by a little bit, this could help to augment cGMP production and increase
blood flow.




[image: image20.png]In a human trial, 200mg/day glutathione (GSH) alongside 2 g/day L-citrulline showed a non-significant
trend toward increasing plasma cGMP levels. Although the observed increases in cGMP levels didn't
quite reach statistical significance, citrulline and GSH in combination also increased nitrate and
nitrite levels more than citrulline alone. Since nitrate and nitrite also are substrates for NO synthesis,
this work suggests that the overall effect of L-citrulline and glutathione supplementation may
support NO production to a greater extent than L-citrulline alone.




[image: image21.png]Taking GSH alongside L-citrulline may help potentiate NO levels more than citrulline
alone. While this idea has not been rigorously tested in robust larger-scale trials, the
evidence is sufficient to give it a shot.

It is important to emphasize, though, that rock-solid diet, training and nutrition are the
foundation for progress in any fitness endeavor. Supplements become important if
you're already firing on all cylinders, and even then, natural NO boosters such as beets
may be preferred over pills.

With a basic knowledge of the nuts and bolts of NO synthesis, we can at least be better
consumers, paying attention to ingredients and amounts rather than advertising hype
when evaluating the value of a product. So take this information, apply it, and let us know
the results!




BCAAs

[image: image22.png]Branched Chain Amino Acids (BCAAs) refers to three amino acids: leucine, isoleucine, and valine.

For people with low dietary protein intake, BCAA supplementation can promote muscle protein
synthesis and increase muscle growth over time. Supplementation can also be used to prevent
fatigue in novice athletes.

Leucine plays an important role in muscle protein synthesis, while isoleucine induces glucose uptake
into cells. Further research is needed to determine valine's role in a BCAA supplement.

Supplementing BCAAs prevents a serum decline in BCAAs, which occurs during exercise. A serum
decline would normally cause a tryptophan influx into the brain, followed by serotonin production,
which causes fatigue.

BCAAs are important to ingest on a daily basis, but many protein sources, such as meat and eggs,
already provide BCAAs. Supplementation is unnecessary for people with a sufficiently high protein
intake (1-1.5g per kg of bodyweight a day or more).




[image: image23.png]The standard dosage for isoleucine is 48-72mg per kilogram of bodyweight, assuming a non-obese
person. The standard leucine dosage is between 2-10g. A combination dose is 20g of combined
BCAAs, with a balanced ratio of leucine and isoleucine.

Isoleucine is used for increasing glucose uptake into cells, while leucine is used to improve muscle
protein synthesis.

BCAA supplementation is not necessary if enough BCAAs are provided through the diet. Further
research is needed to determine valine’s optimal dosage and reason for supplementation.




[image: image24.png]Branched chain amino acids are a group of three essential amino acids that are highly
involved in the regulation of muscle mass. They are found in dietary protein.




[image: image25.png]Theoretically, tryptophan uptake into the brain increases during exercise. The increased
synthesis of serotonin promotes fatigue and sedation. As BCAAs share the same
transport into the brain as serotonin, it is thought loading them prior to exercise is able
to hinder tryptophan uptake and serotonin production, thus hindering the onset of
fatigue.




[image: image26.png]Leucine, secondary to signaling for muscle protein synthesis, can also suppress glucose
uptake into a cell after incubation for about an hour, since it may be stimulatory until it
suppresses its own actions. Valine has been noted to increase serum glucose more
rapidly in the body, suggesting either a faster negative regulation or just no promotion
of glucose uptake.




[image: image27.png]Adding BCAAs to the rat diet may not prevent serotonin synthesis in the brain, while
timed ingestion prior to physical activity (to ensure high levels in serum) has been noted
to be effective with isolated valine.




[image: image28.png]Isoleucine counters leucine and can promote glucose uptake into a muscle cell, and
although the mechanisms are not fully established, it may be a secondary effect to
reducing gluconeogenesis of amino acids. Glycogen synthesis is not upregulated with
isoleucine, only uptake and consumption.




[image: image29.png]Two of the three BCAAs (not leucine) can be converted into glucose.




[image: image30.png]The evidence regarding muscle protein synthesis and BCAAs is promising, but there are
a few problems with interpreting this research: aside from being externally funded by
the producers of the supplement, it was further confounded with glutamine and

citrulline and possibly also B6, as this study likely used the Scivation product known as
Xtend, despite not disclosing that outright.




[image: image31.png]For trials that are prolonged and involve outdoor activities (skiing, hiking, sailing),
supplementation of BCAAs in high doses (usually above 50g taken over multiple hours)
appears to reduce physical and mental fatigue by a small amount.




[image: image32.png]In aerobic exercise, such as cycling or team sports (soccer), supplementation of BCAAs
appears to preserve cognition in the later stages of exercise and appears to reduce
neural fatigue. There does not appear to be a reliable enhancement of physical
performance, although it may occur in untrained people.




[image: image33.png]BCAAs ingested prior to resistance training protocols may be able to reduce soreness
relative to carbohydrates. It is unclear (but plausible) if this can be mimicked through
dietary protein intake.




[image: image34.png]Leucine is the most potent muscle-building BCAA

Out of all 3 BCAAS, lewcine elicits the strongest anabolic response by potently activating
the nutrient sensing enzyme mTOR which directly enhances muscle protein synthesis
while preventing muscle protein breakdown resulting in muscle growth. Several scientific
studies highlight potent mTOR activation by the amino acid leucine. One study by Walker
et al. [4] showed that leucine consumption shortly after working out increased mTOR
activity leading to greater post-workout muscle protein synthesis as compared to an
exercised group that was not fed leucine. While another scientific inquiry by Pasiakos et
al. 5] demonstrated that consumption of leucine immediately after exercise specifically
enhanced muscle protein synthesis by as much as 33%.

Leucine consumption has also been shown to decrease muscle protein breakdown once
again by activating mTOR [6] which has the capacity to tun off the energy-sensing
enzyme AMPK. Inactivation of AMPK prevents its normal function of iniiating the
breakdown of protein into amino acids for energy in order to restore energy levels within
the cell when cellular energy is low. Altogather, the ability of leucine to robustly increase
muscle protein production while decreasing protein degradation increases muscle protein
levels resulting in considerable muscle hypertrophy.





[image: image35.png]AMPK can be seen as a 'catabolic’ lever. It induces beta-oxidation (fat burning), glucose oxidation
(carb usage), and enzymes/transporters in both pathways that aid in those two goals (increases
enzyme levels that decay glycogen and enzymes that get fatty acids ready for beta-oxidation;
primarily hormone-sensitive lipase. it also increases the uptake of both carbs and fats into cells from
the blood).

By these mechanisms, AMPK activators can serve as anti-obesity agents.

That being said, in the nature of being a 'catabolic’ lever it can also suppress protein synthesis. It
does not decay skeletal muscle per se, but it can reduce the efficacy of building it. Mice without
AMPK actually build muscle faster and bigger until they get the 'beetus.!'] Downregulating AMPK
actually increases the rates of muscle synthesis as well.[?]




[image: image36.png]The exact mechanisms of muscle protein synthesis inhibition are not exactly known, but once a
compound is discovered that inhibits AMPK's inhibition of MPS you can be sure it will be the 'next big
thing' to be thrown into a supplement stack for 'lean gains'.




https://examine.com/supplements/leucine/ 

[image: image37.png]Leucine is one of the branched chain amino acids, sometimes referred to as the main
BCAA. It is the most potent inducer of muscle protein synthesis on a molecular level, and
is ketogenic (produced ketones when metabolized)




[image: image38.png]TOR, or mammalian TOR (MTOR) is a protein complex that serves a pivotal role in
regulating cellular signalling. Leucine is able to activate one of the two complexes it
makes up, known as mTORc1 (c1 standing for 'complex one'). When mTOR is mentioned
in this article, it is shorthand for mTORc1 unless otherwise specified




[image: image39.png]Leucine is able to stimulate mTOR activity and its subsequent protein synthesis
signalling. Although Akt/PKB positively influences mTOR activity (so when Akt is
activated, it activates mTOR) leucine appears to work via a different pathway and
activate mTOR without affecting Akt. Regardless, anything that activates mTOR will then
activate p70S6K and then promote muscle protein synthesis




[image: image40.png]Leucine and/or its metabolites appear to increase intracellular calcium, similar to muscle
contractions, and the increase in calcium will activate proteins such as mTOR which then
induce muscle protein synthesis. Unlike muscle contraction, however, leucine likely does
this in all cells rather than localized to skeletal muscle




[image: image41.png]Leucine appears to initially promote glucose uptake into muscle cells for about 45
minutes, and then cuts itself off which reduces overall effects somewhat. The 'cut off' is
a negative feedback that normally occurs after mTOR activation. Isoleucine is better than
leucine at promoting glucose uptake due to less activation of mTOR




[image: image42.png]Leucine is known to stimulate insulin secretion from the pancreas, and appears to be
the most potent BCAA at doing this. On a equimolar basis (same concentration of the
molecule within a cell), leucine is approximately as potent as yohimbine but about two-

thirds as potent as glucose itself




[image: image43.png]The antagonistic function of isoleucine and leucine on
muscle cell energy indicates independent consumption

Despite the limited capacity of isoleucine to trigger muscle protein synthesis and therefore
muscle growth relative to leucine [1] 2], isoleucine outperforms leucine when it comes to
supplying the muscle cell with energy from glucose. This occurs because isoleucine intake
increases the influx of glucose into the muscle cell and increases the rate at which
glucose is converted into energy within muscle [7 In contrast, leucine consumption only
increases glucose influx into the muscle cell. After that, glucose is then converted into
glycogen for energy storage instead of being immediately burned for energy [8].

The antagonistic effects of isoleucine and leucine on glucose metabolism within the
muscle cell indicates that co-consumption of these two BCAAs is likely unproductive and

should be avoided. On the other hand, the use of isoleucine and leucine at different times
should generate superior performance enhancement particularly if isoleucine use occurs

before training to maximize energy production and leucine use takes place post-workout

to increase the anabolic response to training.

Furthermore, the ability of isoleucine to convert glucose into energy within the muscle cell
plausibly contributes to the inhibitory effect that isoleucine has on insulin function as
higher energy levels from isoleucine consumption tend to inactivate certain isoforms of
the energy-sensing enzyme AMPK [9]. Inactivation of AMPK lowers the capacity that
AMPK has to augment the insulin signaling pathway resulting in a weaker overall insulin
response that reduces the capacity to pack on muscle mass.





[image: image44.png]Although extensive human testing has not been conducted yet, isoleucine can be seen as the BCAA
which mediates glucose uptake (into a cell) and breakdown (into energy) to a larger degree than
other amino acids and may serve a role as a hypoglycemic (in diabetics) or as a performance
enhancer (if taken preworkout in a carbohydrate replete state).




[image: image45.png]Isoleucine appears to promote glucose uptake into a cell, and this is independent (not
associated with) the two classical pathways of signalling via the insulin receptor or via
activating AMPK. It is possible that isoleucine is acting upon the same mechanism as
leucine to promote glucose uptake, but due to being unable to activate mTOR it does
not suppress itself




[image: image46.png]The increase of glucose uptake has been confirmed in rats with oral isoleucine and
appears to reach max efficacy at 450mg/kg in rats (human equivalent of 72mg/kg or, for
a 150Ib person, 10.8g)




[image: image47.png]Isoleucine does not appear to promote glycogen resynthesis or insulin secretion
(anabolic mechanisms of glucose metabolism) but may augment insulin-induced glucose
deposition




[image: image48.png]Isoleucine is known to promote muscular uptake of glucose.l?I7'172 The effects of isoleucine (which
can be examined in-depth on its respective page) appear to mostly be independent of the
mTOR/AMPK axis, fully dependent on PI3K/PKC, and possibly related to reducing gluconeogenesis of
fatty acids (producing less glucose would cause more to need to be taken up from the blood to meet
cellular demands).

Isoleucine is not known to increase glycogen synthesis!’! like leucine is”?! possibly due to glycogen
synthesis from amino acids being dependent on mTOR activation,!*I7?l which is the result of
leucinel®” and not isoleucine. )




[image: image49.png]Taking valine and leucine together negates any
positive impact on certain neurotransmitters within the
brain promoting sluggishness and fatigue while you
train

Although the BCAA valine doesn't effectively drive muscle growth [1] 2, it can improve
exercise performance by lowering production of the neurotransmitter serotonin during

by directly inhibiting transport of the serotonin-precursor tryptophan resulting in
adiminished conversion of tryptophan into serotonin [10]. Since serotonin tends to bring
about sluggishness and fatigue in the gym, the reduction in serotonin levels from valine
intake enhances performance. So, it seems pretty simple, take a handful of BCAAS
containing valine before your workout to lower serotonin levels and reduce fatigue and
youlll be good to go.

Well, unfortunately it’s not that simple. As it turns out, greater fatigue from exercise is
actually influenced more heavily by the ratio of serotonin to another neurotransmitter
dopamine [11] where higher serotonin to dopamine ratios increase fatigue. Thus, simply
taking BCAAs isn't going to effectively reduce tiredness because BCAAs do more than
simply lower serotonin. In fact, the BCAA leucine also prevents the uptake of the
dopamine-precursor tyrosine into the brain ultimately reducing dopamine production [12].
Of course, this would counteract any positive effect that valine might have by reducing
serotonin levels as the simultaneous reduction in dopamine levels would reestablish a
serotonin to dopamine ratio that promtes fatigue. So, once again the antagonistic
functions of BCAAS, in this case valine and leucine, reveals that co-ingesting them i
unproductive and they should be consumed separately with valine intake before exercise
to optimally hinder preworkout fatigue and leucine after training to induce relaxation that
promotes full recuperation.




[image: image50.png]Valine may increase insulin secretion, but it is fairly weak in doing so




[image: image51.png]Valine appears to promote glycogen synthesis in muscle cells, but to a lesser degree (about 61% as
potent) as leucine supplementation.!'?)




[image: image52.png]In isolation, there is currently no hugely significant benefit of valine supplementation that cannot be
replicated by either leucine or isoleucine supplementation (as the possession of a 'branched chain’
itself confers some bioactivity, but this is shared to a degree between all of the BCAAs). This may
simply be due to lack of evidence, as many time when valine is researched it is in studies that merely
want to test the effects of a branched chain amino acid (and valine is randomly used) and the
bioacitivies of valine just haven't been purposefully investigated much.

It seems to be more similar to leucine than it is to isoleucine, but the transient state of insulin
resistance occurs faster than with leucine (isoleucine causes glucose uptake) while the muscle
building effects of valine are likely less than both leucine and isoleucine.




[image: image53.png]Too much BCAA intake provokes insulin resistance
potentially reducing muscle growth

Insulinis one of the most potent muscle-building hormones in the human body
possessing the ability to drastically increase muscle protein synthesis and enhance
muscle growth [13]. Insulin achieves this muscle building effect by binding to the insulin
receptor and setting off a cascade of signaling events that eventually activates the
enzyme mTOR triggering muscle growth [14]. Because of its potency, the insulin signaling
cascade is very sensitive to over stimulation where extraneous activation of the insulin
signaling pathway rapidly triggers negative feedback mechanisms ultimately resulting in
diminished muscle growth.

Interestingly, several studies have shown that BCAAs can over stimulate the insulin
signaling machinery resulting in reduced insulin signaling [15] [16] and ultimately insulin
resistance [3]. On the contrary, leucine consumption alone has been shown to actually
rescue insulin signaling deficiency [17] despite the strong influence that leucine has on
insulin secretion and signaling activity which, in theory, should have a propensity to
decrease insulin function via the previously mentioned negative feedback mechanism that
occurs with too much insulin signaling. Although the exact mechanism by which leucine
improves insulin function is not completely understood, it appears that leucine's strong
influence on muscle growth generates a large demand for energy as muscle tissue is very
active metabolically thus requiring considerable energy. As a result, leucine intake also
triggers the production of energy primarily by burning fat [18] [19]. The loss of body fat
augments the response to insulin signaling thus overcoming, to some degree, the
negative influence that leucine can have on insulin signaling via over stimulation.

In summary, the optimal use of BCAAs for performance enhancement involves more than
just simply consuming BCAAs before and after working out to boost muscle growth. The
correct use requires the proper timing of leucine, isoleucine, and valine intake to prevent
their antagonistic effects on each other thus maximizing the performance enhancing
effects of BCAA consumption. Moreover, the removal of any counteracting effects from
proper timing of BCAA intake further enhances the muscle-building effect by lowering the
effective dosage required for each BCAA which reduces the negative impact that
extraneous BCAA consumption can have on insulin-driven muscle growth.




Beta Alanine

[image: image54.png]Beta-alanine is converted into the dipeptide carnosine (beta-alanyl-L-histidine) via the addition of a
histidine (L-histidine) amino acid group. Carnosine synthase, the enzyme responsible for this
transformation, was later identified as ATP-Grasp Domain-containing protein 1.7/ ATPGD1 is
expressed highly in skeletal muscle and to a lesser extent in the brain.[®! Carnosine is abundant in
skeletal muscle, but can also be found in the brain and the cardiac muscle. Its foremost role is to
maintain the acid base equilibrium (buffering H* ions), but it is also neuroprotective (a potential
treatment for autism!”)), anti-aging!'", antioxidant!'"), protective against glycation!'?, and it can
sensitize contractile muscles to calcium.[')




[image: image55.png]Since ATPGD1 is expressed highly in skeletal muscle, and since the availability of beta-alanine is the
limiting factor in carnosine synthesis, beta-alanine supplementation is highly effective at increasing
muscle carnosine stores.!'”1l'%] Beta-alanine increases muscle carnosine stores to a greater degree
than the same oral dose of carnosine (with the difference becoming nonsignificant with increasing
carnosine dose). This may be due to a higher percentage of ingested beta-alanine being devoted to
skeletal muscle,'”) as compared to ingested carnosine. Ingested carnosine cannot enter muscles
cells to a significant extent,'* but it can be hydrolyzed in vivo into its two substrates, beta-alanine
and histidine, which can enter muscles cells and there serve to synthesize carnosine.

Beta-alanine is created in the liver and excreted into the serum, where it can be taken
up by tissues expressing the ATPGD1 enzyme to create carnosine. Since beta-alanine
availability is the limiting factor in carnosine synthesis, beta-alanine supplementation
increases carnosine synthesis in these tissues.




[image: image56.png]Carnosine is hydrolyzed into its two substrates by carnosinase enzymes, one specific
(expressed in the liver and brain) and one non-specific (which may regulate excess levels
of carnosine).




[image: image57.png]As a rule, the availability of beta-alanine is the limiting factor in carnosine production.
Only in the case of an actual histidine deficiency does supplementing histidine increase
carnosine stores.




[image: image58.png]While elevated carnosine levels can be found in the serum of animals, humans seem to
rapidly hydrolyze ingested carnosine. Consequently, supplementing with beta-alanine
seems preferable to supplementing with carnosine.




[image: image59.png]Carnosine depletion appears to be associated with aging. Increasing carnosine stores
may attenuate the aging process.




[image: image60.png]Carnosine can reduce the rate of cellular aging in cultured fibroblasts.[*®*?] This anti-aging effect
may be due to carnosine’s ability to reduce the rate of telomere shortening, as was noted at 20 mM
in cultured human fibroblasts.l>") Alternatively, it may be due to carnosine’s ability to suppress post-
synthetic errors in protein metabolism, since cellular accumulation of altered proteins (damaged
protein byproducts in the cytosol) and the subsequent proteotoxic stress are strongly associated
with the aging process.[>1152)




[image: image61.png]Carnosine has also been implicated in reducing oxidative damage to lipids!’?®'l and proteins.[*?)
Carnosine could therefore reduce the aggregation of oxydized proteins in neural tissues.*?[>4]
Possibly via these actions, carnosine has shown benefit to motor functions in people with Parkinson’s
diseasel®”! and might aid in Alzheimer's disease.””!




[image: image62.png]Out of the multiple mechanisms of systemic buffering (including proteins and amino acids,
bicarbonate, and phosphates), carnosine contributes to intracellular buffering due to the imidazole
structure of its histidine residue.””) Large amounts of histidine dipeptides can be stored in cells with
no apparent adverse effects. Theses stores explain why the synthesis or intake of beta-alanine, not
histidine, is the rate-limiting step in the production of carnosine. The benefits of beta-alanine are
highly associated with how much beta-alanine and carnosine (two buffering agents) are presentin a
muscle cell prior to contraction.['%%)

Due to this buffering, beta-alanine can reduce acidosis without influencing oxygen uptake.'')
Although lactate (lactic acid) does not appear to inhibit muscular contraction per se, it is correlated.
This may be due to an accumulation of H* ions eventually inhibiting muscle contraction and
glycolysis.['%?) Many studies have noted that buffering acidity in vivo leads, via either direct or indirect
mechanisms, to increases in performance in short-term high-intensity exercise.'%*!




[image: image63.png]Beta-alanine may reduce the perception of fatigue during exercise to near-exhaustion,
and at least one study on elderly people suggests an improvement in neural function, as
well as a lower risk of falling.




[image: image64.png]8.3. Sodium Bicarbonate

Sodium bicarbonate (baking soda) has been investigated for its ability to improve performance via ar
H*-buffering mechanism similar to beta-alanine’s.

One 4-week study on men doing HIIT found that both beta-alanine (6.4 g/day) and sodium
bicarbonate (0.3 g/kg/day: two thirds with breakfast; one third 2 hours before testing) significantly
improved performance in isolation. Their combination appears to have additive effects, but those
failed to reach statistical significance.!'?’)

The anti-fatigue effects of sodium bicarbonate and beta-alanine are most likely additive.




ATP

[image: image65.png]Carbohydrates provide quick energy in an anaerobic environment (high-intensity exercise), while fats
provide sustained energy during periods of high oxygen availability (low-intensity exercise or rest).
The breakdown of carbohydrates, fats, and ketones produces ATP (adenosine triphosphate). When
cells use ATP for energy, this molecule is converted into adenosine diphosphate (ADP) and adenosine
monophosphate (AMP). Creatine exists in cells to donate a phosphate group (energy) to ADP, turning
this molecule back into ATP.[2122I[22124]

By increasing the overall pool of cellular phosphocreatine, creatine supplementation can accelerate
the reycling of ADP into ATP. Since ATP stores are rapidly depleted during intense muscular effort,
one of the major benefits of creatine supplementation is its ability to regenerate ATP stores faster,
which can promote increased strength and power output. Over 95% of creatine is stored in muscle at
a maximum cellular concentration of 30uM. Creatine storage capacity is limited, though it increases
as muscle mass increases.l””) A 70 kg male with an average physique is assumed to have total
creatine stores of approximately 120g.1°°) The body can store a lot more energy as glycogen in the
liver, brain, and muscles, 27128 and even more as fat.




[image: image66.png]Creatine is an energy substrate: a small peptide serving as a reservoir for high-energy
phosphate groups that can regenerate ATP, the main currency of cellular energy. An
increase in creatine intake (through food or supplementation) increases cellular energy
stores, promoting the regeneration of ATP in the short term. Stores are limited,
however, and glucose or fatty acids are responsible for ATP replenishment over longer
durations.




[image: image67.png]The amino acids glycine and arginine are enzymatically combined to form
guanidoacetate, which is then methylated to form creatine. Diseases associated with
errors in creatine synthesis can result in muscle disorders and mental retardation.




[image: image68.png]A suppression of creatine synthesis occurs when enough creatine is supplemented to
cover the vital needs (approximately 4g daily, 2g of which would have been synthesized).
This suppression may be beneficial to health, due to the inherent costs associated with
creatine synthesis.




[image: image69.png]Creatine is stored in the body in the form of creatine and as creatine phosphate, otherwise known as
phosphocreatine, which is the creatine molecule bound to a phosphate group.[*’! Creatine
phosphate is thought to maintain the ATP/ADP ratio by acting as a high-energy phosphate reservoir.
1411 The more ATP a muscle has relative to ADP, the higher its contractility is, and thus its potential
strength output in vivo.[*2I*] This pro-energetic mechanism also affects nearly all body systems, not
just skeletal muscle. (%) During periods of rest and anabolism, creatine can gain a phosphate group
through the creatine-kinase enzyme pathway, up to a cellular concentration of 30uM*°! to be later
used for quick ATP resupply, when needed.[41(4°]




[image: image70.png]Creatine and phosphocreatine surplus in a cell serves as an energy reservoir that can
protect cells during periods of acute stress, and may enhance cell survival secondary to
its bioenergetic effects.




[image: image71.png]Creatine is most commonly found in the basic form of creatine monohydrate, which is
the standard form and usually recommended due to the low price. It can also be
micronized to improve water solubility, or the monohydrate can be temporarily
removed to concentrate creatine in a small volume supplement. Neither alteration
changes the properties of creatine.




[image: image72.png]Creatine hydrochloride (Creatine HCl) is a form of creatine characterized by the molecule being
bound to a hydrochloric acid moiety. It is claimed to require a lower dosage than creatine
monohydrate, but this claim has not been tested.

Creatine hydrochloride likely forms into free creatine and free hydrochloric acid in the aqueous
environment of the stomach, which would mean it is approximately bioequivalent to creatine
monohydrate.

Creatine HCl is touted to require a lower dosage, but this has not been proven through
studies and seems unlikely, since the stomach has an abundance of HCl anyway and
creatine will freely dissociate with HCl in the stomach. Thus, both creatine HCl and
creatine monohydrate form free creatine in the stomach.




[image: image73.png]When creatine is absorbed it pulls water in with it, causing cells to swell. This “cell volumization” is
known to promote a cellular anabolic state associated with less protein breakdown and increased
DNA synthesis.[!%8I10%I0110] A increase in cellular viability assessed via phase angle (measuring body
cell mass!'"")) has been noted in humans during supplementation of creatine.[''?]




[image: image74.png]The increase in cellular swelling (water retention within the cell) per se appears to have a
positive influence on muscle cell growth, since the increase in swelling is met with the
activation of stress response proteins of the MAPK class, which then influences muscle
protein synthesis. These mechanisms do not involve the creatine kinase cycle.




[image: image75.png]Starvation increases creatine uptake into cells, but without appreciable conversion into
phosphocreatine. Because phosphocreatine is the energetically useful form of creatine
in the cell, starvation is not a viable means to increase the efficacy of creatine
supplmentation.




[image: image76.png]Exercise itself appears to stimulate creatine uptake into muscle, although reports have
been mixed. Given the positive effect of metabolic stress on CrT activity, it is also
possible that the more metabolically intense the exercise is on the tissue level, the more
creatine uptake is increased.




[image: image77.png]Creatine is vital for brain function, which has mechanisms to take up creatine, as well as
regulate its intake. Although the diet appears to be the major source of creatine (and
thus lack of dietary intake could cause a non-clinical deficiency) excess levels of creatine
do not appear to “super-load” the brain similar to muscle tissue. Due to kinetics, creatine
appears to be more “preventative” or acts to restore a deficiency in the brain. This is in
contrast to creatine effects in muscle cells, where it can affect performance substantially
on an acute timescale.




[image: image78.png]Creatine appears to have a “daily requirement” like a vitamin to maintain sufficient
levels, at or around 2g assuming a “normal” 70 kg male body.




[image: image79.png]A maintenance phase of 2g daily appears to technically preserve creatine content in
skeletal muscle of responders either inherently or after a loading phase, but in
sedentary people or those with light activity, creatine content still progressively declines
(although it still higher than baseline levels after six weeks) and glycogen increases seem
to normalize. This maintenance dose may be wholly insufficient for athletes, a 5g
maintenance protocol may be more prudent.




[image: image80.png]Creatine appears to be able to stimulate insulin secretion in vitro (isolated pancreatic
cells), but this does not appear to apply to oral creatine supplementation, since both
fasting insulin and the insulin response to a meal are unchanged.




[image: image81.png]A suppression of myostatin has been noted with supplementation of creatine, which is
not associated with GASP-1 (which normally suppresses myostatin). This theoretically
leads to an increase in muscle growth, since myostatin would suppress it.




[image: image82.png]The benefits of creatine supplementation appear to be more prominent when taken
closer to the resistance training workout than when compared to supplementation at
other times of the day. Currently, it seems this benefit applies equally to taking creatine
before the workout and/or after the workout.




[image: image83.png]Creatine may increase growth hormone secretion at rest while being able to blunt
exercise-induced growth hormone secretion somewhat. The blunting effect is small in
magnitude in maintenance and larger during loading. This is similar to the interactions
with arginine and growth hormone.




Citrulline
[image: image84.png]Citrulline can be produced by arginine by one of two mechanism, either directly via
arginine giving off a nitric oxide molecule (which is the path involved in the nitric oxide
cycle) or indirectly via arginine's conversion into ornithine (which is involved in the urea
cycle, sequestering ammonia)

1.3. Metabolism

Nitric Oxide

NITRIC OXIDE CYCLE




[image: image85.png]Citrulline per se is more of a byproduct of arginine metabolism (nitric oxide cycle) and of
ornithine metabolism (urea cycle), and merely gets converted back to arginine via
arginosuccinate. That being said, supplemental citrulline also beneficially affects
arginine and ornithine concentrations so their bioactivity is also relevant




[image: image86.png]Relative to arginine, citrulline is better absorbed in the intestines and may be a better
source of bodily arginine than arginine itself




[image: image87.png]Oral Citrulline supplementation can increase plasma urea cycle amino acids which
include citrulline itself (most drastic increase), ornithine, and arginine. Ornithine and
Arginine can reach up to a doubling or tripling with 5-10g citrulline supplementation and
then seems to be restricted from increasing further, while citrulline simply follows linear
dose-response patterns (more oral supplementation causing more serum citrulline)




[image: image88.png]Citrulline may deplete BCAA serum concentrations during exercise, but does not appear
to do this inherently at rest. There are also some interactions with glutamine, but
beyond that other amino acids do not appear to be affected




[image: image89.png]Approximately 83% of orally ingested citrulline appears to be taken up by the kidneys!*/Il*“ll>") where
it is converted into L-Arginine in the proximal tubules (via the enzymes arginosuccinate synthase and
arginosuccinate lyasel*%)); this conversion of citrulline into arginine (either from supplemental
citrulline or that produced as a byproduct of arginine creating nitric oxide) accounts for 5-15% of

circulating arginine but 60% of total arginine (the difference being due to the ability of arginine to be
incorporated into proteins)..' 251

The majority of L-citrulline either floats in the blood passively or gets transported to the
kidneys for conversion into arginine. Due to this, most bioactivities of citrulline are
secondary to arginine ingestion




[image: image90.png]Citrulline supplementation appears to reduce blood pressure and improve blood flow in
situations where blood flow is otherwise hindered or blood pressure higher than
normal, but citrulline does not have unidirectional reducing effects; it may be ineffective
in resting normotensive persons




[image: image91.png]Citrulline does appear to interact with ATP production (in a beneficial manner) via
increasing the efficiency of energy production, but it is unclear whether citrulline
increases aerobic or anaerobic energy metabolism (or both, depending on context)




[image: image92.png]Citrulline positively influences the mTOR pathway, but this does not appear to be
through direct activation like leucine does. If anything, citrulline normalizes suppressed
mTOR signalling




[image: image93.png]Citrulline appears to benefit weightlifting secondary to reducing fatigue from a
prolonged workout; it does not appear to be too effective on the first few reps
conducted




[image: image94.png]Has been noted to increase growth hormone concentrations, but this may require
physical exercise as a prerequisite. As such, it may be more correct to say citrulline
augments growth hormone release rather than directly induces it




[image: image95.png]Citrulline appears to have pro-erectile properties vicariously through arginine. It is likely
more potent than arginine at doing this due to having a greater bodily exposure to
arginine, but the preliminary evidence right now does not suggest that it is more potent
than the reference drug Viagra




[image: image96.png]Citrulline may positively mediate leucine's signalling through mTOR, which theoretically
suggests that they are synergistic. The application of the combination towards weight
lifters has not yet been investigated, so the synergism is currently just a hypothesis
rather than a demonstrated fact




[image: image97.png]Supplementing with reduced glutathione (GSH) alongside L-citrulline may extend the
half life of nitric oxide, potentially resulting in greater vasodilation compared to L-
citrulline alone.




[image: image98.png]Increase Growth Hormone (GH) Production

The body makes growth hormone via the pituitary gland. This naturally
occurring hormone decreases in production after the age of forty, especially
in men. Low GH levels are to blame for many signs of aging. Human Growth
Hormone is known as your anti-aging hormone where if Cortisol levels are
high it is known as the aging hormone. So if you want age slower and feel
younger you must keep GH high.

signs of sluggish GH Production

* Decreased muscle mass
* Increase in fat
* Loss of energy
* Decreased Mental Clarity

There are effective, all natural ways to increase your body's production of GH.
One of the best ways is with what you eat. Focus on getting certain types of
nutrients into your body everyday. You'l feel stronger and younger in no time.

Nutrients Needed for Increased GH Production

* Protein

* Glutamine
* L-Arginine
* Choline

* Niacin




[image: image99.png]Top 5 Foods for Athletic Performance

1. Coconut Oil

The first food you should add in to increase athletic performance is coconut,
especially coconut oil. It turns out that one of the many coconut oll uses is
helping produce energy for performance. Coconut oil contains medium-
chain triglycerides, and your body can actually not just burn sugar and fat
for energy but also coconut. It's why triathletes and marathon

runners are starting to consume more coconut oil. So start using coconut oil
in your cooking and coconut milk in your smoothies.

2. Chia Seeds

The second superfood that can increase athletic performance are chia
seeds. The benefits of chla seeds were known by Aztec warriors as warriors’
food or runners’ food. In fact, the Aztec warriors carried a little pouch on their
side, and they would consume a tablespoon of chia. They said one
tablespoon of chia seeds was worth a day’s energy. There's also great
studies out of the Journal of Strength and Conditioning on this, including how
it's a new way of carbohydrate loading.

Confused about how to consume these energy boosters? Try one of these
chia seed recipes. For example, add one tablespoon of chia seeds to a
morning smoothie, or you can also have some chia with some honey and
eat it as a snack between workouts.



[image: image100.png]3. Quality Protein

The third food you should consume that's going to help increase athletic
performance and recovery is getting a good quality protein, especially a
whey or collagen protein. You know protein benefits, including whey protein
benefits, include helping to build muscle and burn fat; plus it's vital for
recovery, yet most athletes surprisingly don’t get enough protein.

So it's key to add a good quality, natural, organic type of whey protein — not
one that has all those artificial sweeteners in it — as well as get plenty of
good quality protein foods, like grass-fed beef, organic chicken and turkey.
These are some of the most essential, best foods for athletes.

4. Berries

The next superfood you need to be getting in to increase athletic
performance are more high-antioxidant foods and specifically
antioxidant-rich berries. The health benefits of blueberries, strawberries,
raspberries, go]i berrles, etc., include having the highest levels of
antioxidants among fruits. Antioxidants absolutely help with cellular
regeneration, healing muscular tissue and recovery after exercise.

5. Coconut Water

The fifth superfood you've got to be getting to increase athletic performance
is coconut water. Coconut water Is food for you because it's packed with
potassium and electrolytes. It's actually known as “nature’s Gatorade.” So if
you want to recover faster and increase athletic performance, add in some
of nature’s Gatorade by drinking more coconut water — also known as
‘coconut juice.




[image: image101.png]What Is CoQ10?

The name may not sound very natural, but CoQI0 is in fact an essential
nutrient that works like an antloxidant in the bodly. In its active form,

it's called ubiquinone or ubiquinol. It's synthesized within the body naturally
and used for important functions, such as supplying cells with energy,
transporting electrons and regulating blood pressure levels. (1) The reason
it's not considered to be a “vitamin® is because all animals, including
humans, can make small amounts of coenzymes on their own even without
the help of food.




[image: image102.png]1. sustains Natural Energy

CoQI0 plays a role in “mitochondrial ATP synthesis,” which is the conversion
of raw energy from foods (carbohydmles and fats) into the form of energy
that our cells use called adenosine triphosphate (ATP). This conversion
process requires the presence of coenzyme Q in the inner mitochondrial
membrane. One of its roles is to accept electrons during fatty acid and
glucose metabolism and then transfer them to electron acceptors. (3) The
process of making ATP has many benefits, from preserving muscle mass to
helping regulate appetite and body weight.




[image: image103.png]How CoQ10 Works:

To sustain enough energy to perform bodily functions, inside our cells tiny
organelles called mitochondria take fat and other nutrients and turn them
into useable sources of energy. This conversion process requires the
presence of CoQI0.

As a “‘coenzyme,” CoQIO also helps other enzymes work to digest food
properly.

CoQI0 is not only necessary for producing cellular energy, but also for
defending cells from damage caused by harmful free radicals.

Coenzyme QIO can exist in three different oxidation states, and the ability in
some forms to accept and donate electrons is a critical feature in its
biochemical functions that cancel out free radical damage.

As a powerful antioxidant, CoQI0 can increase absorption of other
essential nutrients. It's been shown that it helps recycle vitamin ¢ and
vitamin E, further maximizing the effects of vitamins and antioxidants that
are already at work in the bodly.

Although the body has the ability to make some CoQIO0 on its own,
production naturally declines as we age — just when we need our cells to
help defend us most. This means we can all benefit from consuming more
CoQI0, both naturally within from our diets, and also from high-quality
supplements.




[image: image104.png]In addition to supporting a healthy cardiovascular system, CoQI0 has also
been found to have the following benefits:

® Helps lower fatigue and boosts stamina

e Defends against free radicals and typical signs of aging, including
muscle loss and skin changes

Restores the power of antioxidants, including vitamin E and vitamin C
Stabilizes blood sugar

Supports healthy gums

Reduces muscular dystrophy

Helps treat cognitive disorders, including Parkinson’s disease and
Alzheimer's

Results in metabolic improvement in patients with hereditary
mitochondrial disorders

May be able to help treat other conditions, including cancer, hormone
imbalances, diabetes, viruses and infections




[image: image105.jpg]BENEFITS & NATURAL
COQ10 FOODS

+ Sustains Natural Energy

CoQ10 plays a role in "mitochondrial ATP synthesis,"
which is the conversion of raw energy from foods into
the form of energy that our cells use called ATP

+ Reduces Free Radical Damage

Within mitochondria, coenzyme Q10 has been found to
protect membrane proteins and DNA from the oxidative
damage that accompanies lipid peroxidation and neutralize
free radicals directly that contribute to nearly all age-related
diseases

Can Improve Heart Health &
Offset Effects of Statin Drugs

CoQ10 has strong potential for prevention and treatment of
heart ailments by improving cellular bioenergetics, acting as
an antioxidant and boosting free radical scavenging abilities

+ Slows Down Effects of Aging

Tissue levels of coenzyme Q10 have been reported to
decline with age, and this is believed to contribute to
declines in energy metabolism and degeneration of organs,
such as the liver and heart and skeletal muscle

Helps Maintain Optimal pH
Levels

Within cells, CoQ10 helps transport proteins across
membranes and separate certain digestive enzymes from
the rest of the cell which helps to maintain optimal pH

Protects Cognitive Health

CoQ10 has been shown to offset decreases in activity of
mitochondrial electron transport chains that affect nerve

channels and brain function, and studies show that people
with cognitive disorders tend to have reduced levels of
CoQ10 in their blood

TOP FOOD SOURCES

Grass-fed Cage-free Free-range
beef eggs chicken

T

Strawberries Herring

' 3 bt
Rainbow Sesame Pistachio
trout seeds nuts
A
~—
Sardines Mackerel
R
Broccoli  Cauliflower  Oranges

Dr. Axe
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[image: image106.png]—— BENEFITS CAN HELP —
BURN & BEAT




[image: image107.png]Rhodiola rosea is a herb in the rhodiola genera (Crassulaceae family) which has traditional usage as an
anti-fatigue agent and adaptogen compound, and rhodiola is likely the second most popular
adaptogen (second only to panax ginseng).

In regards to fatigue, rhodiola appears to be able to significantly reduce the effects of prolonged and
minor physical exhaustion that results in fatigue. This is more related to stress and the 'burnout
effect, or prolonged but low intensity physical exercise. There is some limited evidence that
parameters of physical exercise can be improved with rhodiola, but this appears to be limited to
untrained persons with numerous studies on trained athletes suggesting that rhodiola does not have
an acute ergogenic effect. Despite this, rhodiola appears to be highly reliable in reducing fatigue
symptoms and improving symptoms of stress (and secondary to that, well-being) in persons fatigued
from non-exercise related stressors.

Rhodiola can improve cognitive functioning in persons who experience a reduction in fatigue, but
there is insufficient evidence to support an outright increase in cognition (which should occur in non-
fatigued persons) and not enough studies have assessed cognitive decline for conclusions to be
made.

Other potential uses of rhodiola include preliminary evidence that it is highly neuroprotective against
toxins (requires more evidence) and that ingestion of rhodiola or its active component can reduce
stress-induced binge eating in female rats. In the brain, rhodiola appears to be highly serotonergic
(increases serotonin) and reduces corticosteroids; the inhibition of monoamine oxidases (MAOs)
commonly attributed to rhodiola may not be relevant following oral ingestion of rhodiola, however.




Users
1. Burns belly fat by stimulating hormone-sensitive lipase

2. Increases RBC count, thereby better oxygen transportation, which leads to better performance

3. Increases ATP synthesis

4. Increase glucose uptake into cells

5. Lowers Cortisol levels

6. Decreases Lactate levels post workout

7. Reduced neural sensation of fatigue therefore harder workouts
[image: image108.png]1. Burn More Belly Fat with Rhodiola

One of the many incredible characteristics of rhodiola benefits is that it helps
your body burn stored fat as fuel. Rhodiola contains an active compound
called rosavin that has been proven to trigger a fat burning response in your
body.

Rosavin works by stimulating an enzyme called hormone-sensitive lipase
which has the ability to breakdown fat that is stored in adipose tissue (belly
area). Also, human clinical studies found that if you combine taking rhodiola
extract with doing moderate exercise the breakdown of belly fat increases
even more.

A controlled placebo study done on 130 overweight patients at Georgian
State Hospital showed that taking rhodiola rosea extract daily led to a
mean welght loss of 19 pounds (11% reduction In body fat), compared to
only 8 pounds of loss by the placebo group eating the exact same low
calorie diet1

We all know that exercise especially interval exercise like burst training can
increase fat loss, but if you want an edge taking rhodiola along with exercise
can accelerate your weight loss efforts.




[image: image109.png]2. Increase Your Energy and Athletic Performance

Rhodiola can increase your stamina and endurance by increasing your red
blood cell count. Red blood cells (RBC) carry oxygen to muscles, and having
a higher count can dramatically improve an athlete’s performance and
delay fatigue. Rhodiola benefits work by boosting EPO also known as
erythropoetin which stimulates RBC production.

According to a study published in the International Journal of Sports Nutrition
and Exercise Metabolism in 2004 rhodiola has anti-inflammatory benefits to
cause rapid recovery of muscles and improved endurance.2

Another study performed on rats found that supplementing with rhodiola
could increase endurance by allowing the animals to swim 25% longer. The
improvements happened because rhodiola was found to increase synthesis
of ATP which is essential for cellular energy.3

But you don’t have to be an athlete to experience the benefits of
rhodlola. Whether you're a stay at home mom, business executive, or
student rhodiola has been shown to increase workplace performance and
the decrease the effects that a lack of sleep and rest can have on your
body.4

According to author and naturopathic physician Tori Hudson, he prescribes
rhodiola to his patients for several reasons including: adrenal fatigue, chronic
fatigue, reducing recovery time from workouts and enhancing athletic
performance.

So if you are looking for a natural way to boost energy and increase athletic
performance rhodiola may be for you.



[image: image110.png]3. Lower Cortisol

Rhodiola can calm your body when your system goes into a “fight or flight”
mode from everyday stressors. When the hormone cortisol stays high for a
long period of time from emotional or physical stress it can cause your body
to experience:

lowered blood glucose response
abdominal weight gain

thyroid issues

hormone imbalance

decreased memory

weakened immunity

Otagran 2
Rhodiola Rosea Effects on the Heart
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+ Parasympathetic HeartRate ariabilty
— sympathetic Energy Efficiency and Reserves

« Direct Effects of Rhodiola Rosea on the Heart

Neurotransmitters: — NE,— DA
+ Cellular Energy Production: + ATP, + Creatine Phosphate, — CAMP.

Ok = copanine, ATP = sdenosine tripnosprate,
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By keeping cortisol levels balanced you are improving your health in multiple
ways especially when it comes to anti-aging. When cortisol levels are high
for long periods it will cause you to age faster and can leave you exhausted.
©One of the main reasons people turn to adaptogenic herbs like rhodiola is
to help balance cortisol levels to slow the aging process and look and feel
their best.5




[image: image111.png]B Physical Exercise and Performance

8.1. Mechanisms

Salidroside has been noted to activate AMPK in skeletal muscle cells and increased glucose uptake in
a concentration dependent manner between 1.25-80uM with no dose outperforming the active
control (insulin at 100nM).['%) This study also noted that insulin-induced glucose uptake was slightly
enhanced with salidroside.!'%”)

One study using rhodiola supplementation (170mg daily for 4 weeks) noted a reduced fatty acid
circulating level during a VO, max test (from 12.86+/-1.62mg/dL to 7.31+/-1.31mg/dL) without
significantly affecting glucose, which was associated with increased antioxidative parameters in
serum and less biomarkers of muscle damage.[''”! Lactate levels were also reduced after exercise
when measured at 3 minutes into recovery (50% lower than control), 6 minutes (42%), and 9 minutes
(33%).110)



[image: image112.png]8.3. Physical Fatigue and Performance

Currently, one meta-analysis has assessed the interaction of rhodiola supplementation on physical
performance or physical fatigue.l®” Of the 7 trials included in this analysis, they have used 660mg of
rhodiola root extract (Rhodaxon) for 30 days prior to exercise,! '/ 100mg of rhodiola for 4 days, !
250mg for 15-22 days preceding the test (1,000mg on the day of),!''?) 447mg acutely,' ') 288mg of
SHR-5 for 5 days,!"'*) 100mg SHR-5 for 20 days,°®! and 660mg of a product called Rhodaxon
(rhodiola root extract, unspecified) for 20 days.[“] Most of the trials assessed in this meta-analysis
were relatively minor in regards to physical capacity, and the observed benefits seem to be related to
reducing the neural sensation of fatigue and allowing more physical work to be conducted (effective
in cycling tests[®?l* but ineffective in hypoxial''! and photon emissionl!'%)).

In regards to physical fatigue not related to exercise, rhodiola appears to have a
significant protective and rehabilitative effect. This has been tested in moderate to high
stress situations such as in physicians (doing rounds) or students during exam periods



[image: image113.png]Mixed effects when looking at the interaction of rhodiola and physical exercise, with
some benefit seen with higher doses in untrained persons but more moderate doses in
trained athletes not having a significant ergogenic effect. Studies are a bit too
hetereogeneous to compare (studies in elite athletes are confounded with inclusion of
other nutrients, and it is unclear if the benefit seen in the other studies is due to higher
dosages or due to training status)




[image: image114.png]Rhodiola supplementation

Rhodiola is gaining a reputation as one of the most powerful herbs to
support anti-aging, fat burning, increased energy, focus and improved
mood.

The recommended supplemental dose of rhodiola rosea extract with rosavin
is around 250-500mg 2x daily taken 15 minutes before meals.




[image: image115.png]How to Take

Recommended dosage, active amounts, other details
Supplementation of rhodiola rosea tends to refer to either the SHR-5 extract in particular or an
equivalent extract, any that confers both 3% rosavins and 1% salidroside.

Usage of rhodiola as a daily preventative against fatigue has been reported to be effective in doses
as low as 50mg.

Acute usage of rhodiola for fatigue and anti-stress has been noted to be taken in the 288-680mg
range.

As rhodiola has been shown to have a bell-curve response before, it is recommended to not exceed
the aforementioned 680mg dosage as higher doses may be ineffective.




Ashwaganda
[image: image116.png]Ashwagandha (Withania somnifera) is an herb used in Ayurveda medicine. Ashwagandha means
‘Smell of Horse,” which refers to the fresh root’s distinct horsey smell, and the traditional belief that
ingesting the herb will confer the strength and virility of a horse.

Ashwagandha is an adaptogen. It is supplemented primarily for its ability to prevent anxiety.
Ashwagandha’s anti-anxiety effect is even synergistic with alcohol. It also shows promise for relieving
insomnia and stress-induced depression. Ashwagandha can significantly reduce cortisol
concentrations and the immunosuppressive effect of stress.

Beyond reducing stress levels, ashwagandha can improve physical performance in both sedentary
people and athletes, as well as reduce Low-density Lipoprotein (LDL) cholesterol. Ashwagandha can
improve the formation of memories, and may be able to treat Alzheimer’'s disease, though more
human evidence is needed before supplementation can be recommended specifically for
Alzheimer’s.




[image: image117.png]Ashwagandha Adrenal Rejuvenation

Ashwagandha has also been proven effective in supporting adrenal function
helping you overcome adrenal fatigue and chronic stress.

Your adrenal glands are endocrine glands that are responsible for releasing
hormones (cortisol and adrendline) in response to stress on your body.

If your adrenals are overtaxed due to an overabundance of emotional,
physical and mental stress, it can lead to a condition known as adrenal
fatigue. As you can see from this chart below, if your adrenals become
exhausted it can also disrupt your other hormones, including progesterone,
which can cause infertility and lower DHEA — which can cause you to age
faster.

Adrenal Glands
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Norepinephrine ! c

o¥  cholesterol 4 %,
S %
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[image: image118.png]Increases Stamina and Endurance

Studies have shown that ahswagandha can boost endurance during
physical activity by sharpening brain function and reducing bodily pain. Due
to its positive calming, yet energizing, effects on the brain and ability to lower
stress hormones, ashwaganha showed improvements in concentration,
motivation, and stamina in conducted studies.

One particular study found that when lab rats were given ashwagandha,
they actually were able to swim twice as long compared to the same type of
rats that were not given the supplements (4). Researchers believe that
similar effects take place in humans due to the extract's ability to balance
adrenal hormones that are involved in physical activity. The extract was also
shown to reduce bodily pain in the muscles and joints while at the same
time keeping energy levels more steady, which is another reason why it
could be a promising supplement for athletes, or for those who find it difficult
to be physically active due to pain.




[image: image119.png]Physical Performance: Currently there are two studies showing increased VO2 max with this herb,
and one of them is in elite athletes. Furthermore, a study in sedentary persons noted increased
power output in the lower back and legs (no training required, but just a small boost in power)
suggesting that Ashwagandha may be an ergogenic aid. Needs more evidence, but having something
benefit the performance of elite athletes is indeed rare for supplements.




[image: image120.png]Immunity: Most of ashwagandha immunity benefits are because it reduces stress (by reducing
cortisol).
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[image: image122.png]Ashwagandha Dosage

As you can see, ashwagandha is an adaptogenic superstar that can have
some tremendous health benefits. | recommend supplementing with 500mg
1-2x daily along with following a diet high in healthy fats, protein, and fiber as
well as removing grains and sugars from your diet.

These dietary changes along with supplementing with ashwagandha can
help you see great results in aging slower, reducing stress, balancing
hormones, boosting energy, and improving neurological health.




Potassium and Exercise
[image: image123.png]What happens to potassium during exercise?

During exercise, potassium plays two critical roles in the form of sweat and the

processing of glycogen.

Sweating: When you sweat, you lose several electrolytes, including sodium,
potassium, magnesium and calcium. Notably, potassium concentration in sweat is
higher in hot environments even for individuals who are heat-acclimatized,
according to research conducted in the 1970s. “The potassium depletion in sweat,
even in acclimatized [individuals], is heavy and is likely to play an important role in
the causation of heat-iliness,” the research concludes. Intensity also affects sweat
rates: A study published in 2016 found that potassium losses in sweat increased

along with exercise intensity.

In order to keep physical performance output at a maximum, it is important to
replenish this lost potassium during exercise, especially if the time spent exercising
is three hours or more (such as in a marathon or long bike ride), or sooner if in a

hot environment.




[image: image124.png]Glycogen breakdown: Potassium is also essential to the process of breaking down
glycogen in the muscle cells, which helps fuel these cells as they contract
repeatedly during endurance exercise. As glycogen is broken down, the muscle
cells are depleted of potassium as it flows into the bloodstream before leaving the

body through urination or sweat.

Potassium blood concentratiol

: There is some debate in the exercise community
on the importance of measuring the concentration of potassium ions in the
bloodstream. As discussed above, when cells break down glycogen, they release
potassium into the blood. A few studies of athletes have found that during the
course of exercise, blood concentration of potassium does not change much. This
has led to an incorrect conclusion that potassium levels in the body do not change

much.

Instead, after potassium is released into the bloodstream, it is secreted through
sweat or urination, which keeps blood levels consistent. Potassium lost through
these methods is replaced by potassium secreted from the muscle cells — at the
detriment of the muscle cells. In other words, the bloodstream is just a step in
the process, and potassium levels in the blood do not correlate with

potassium levels in the muscle cells.




[image: image125.png]This process of depleting muscle cells of potassium is detrimental to exercise
performance over time. As potassium concentration in the cells lowers, there is
less available potassium to help with things like blood pressure or nerve
functioning. This can dramatically affect performance if not counteracted. Studies
of marathon runners (1970, Journal of Applied Physiology) have found that long
exercise results in greater amounts of potassium outside the cells, which can

contribute to cramping, bloating and general fatigue.

Potassium deficiency symptoms are nausea, slower reflexes, vomiting, muscle

weakness, muscle spasms, cramping, and rapid heart rate.




[image: image126.png]2. supports a Healthy Metabolism

Potassium is needed to maintain and even boost your metabolism
because it's partially responsible for breaking down carbohydrates, in the
form of glucose, from the foods we eat and turning them into useable
energy. Additionally, potassium helps the body to use amino acids in order to
form proteins that build muscle.

Following exercise, many athletes choose to consume potassium-rich foods
like orange juice, a banana or a potato in order to replace the potassium lost
during exercise. Potassium can also help balance minerals within the body
that are important for growth and maintenance of both muscles and bones.




[image: image127.png]3. Prevents Muscle Spasms and Pain

By balancing fluid levels, potassium helps the muscles to relax, so low
potassium can result in muscle spasms, cramps and general pains. Because
of how it's used to help breakdown carbs and proteins that muscles rely on
for energy and repair, low potassium can also cause a breakdown of muscle
mass, fatigue, trouble exercising and can even possibly contribute to welght
gain.




[image: image128.png]Nerve functioning: Potassium — when broken down into the bloodstream — is
an electrolyte, meaning it contains an electric charge. This aspect of potassium
helps polarize cells, which is essential to conduct nerve signals, as these signals are

electrical impulses sent through the body.

Glycogen and fluid management: Another key function of potassium is fluid
management in the bloodstream and cells. Both sodium and potassium levels
contribute to blood pressure, and the process of balancing fluid throughout the
body is depended on having the right ratio of each electrolyte. Potassium, which is
primarily intracellular, works with sodium, which is primarily extracellular, to move

water, glycogen and waste products through the cell walls.




http://saltstick.com/2017/05/24/potassium-important-exercise-performance/
https://draxe.com/low-potassium/ 

[image: image129.jpg]RECOMMENDED DAILY

INTAKE OF POTASSIUM
& TOP 12 FOODS

The Food and Nutrition Center of the Institute of Medicine recommends these
dietary intakes for potassium:

Infants 0-12 months
Children 1-8 years

Teens 9-18 years

Adults age 19 and older,
men & women

Women who are pregnant or
breastfeeding

Percentages based on the recommended daily value of 4,700 ma. for adult men and women:

WHITE BEANS LIMA BEANS AVOCADO
1 cup cooked: 1 cup cooked: 955 mg. 1 whole: 690 mg.

1,004 mg.

BROCCOLI SWEET POTATO BANANAS
1 cup cooked: 458 mg. 1medium: 438 mg. 1medium: 422 mg.

SALMON SARDINES
302:416 mg. 1can/3.75 grams:

GRAPEFRUIT RAW MILK GRASS-FED BEEF
1 whole: 354 mg. 1 cup: 260 mg. 30z:237mg.

Dr. Axe
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POTASSIUM-RICH

Avocado
1 whole: 1067 mg

Spinach
1 cup cooked: 839 mg

Wild-Caught Salmon | DV
% filet: 772 mg

Pomegranate
1 whole: 600 mg

White Beans
% cup: 502 mg

Acorn Squash
1 cup: 896 mg

Sweet Potato
1 large: 855 mg

Dried Apricots
% cup: 756 mg

Coconut Water
1 cup: 600 mg

:ELELE]
1 large: 487 mg





Nuts

[image: image131.png]Sesame Seeds, dried

(Note: "--" indicates data unavailable)
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nutrient amount ERIDY

(%)

Protein 6.38 g 13

Carbohydrates 8.44¢g 4

Fat - total 17.88¢g -

Dietary Fiber 4259 17

Calories 206.28 1"





[image: image132.png]Pumpkin Seeds, dried, shelled

(Note: "--" indicates data unavailable)
0.25 cup .
(32.25 g) Chlod
BASIC MACRONUTRIENTS AND CALORIES

nutrient amount D':,,Z?v
Protein 9.75¢g 20
Carbohydrates 3.45¢g 2
Fat - total 15.82¢g -
Dietary Fiber 1949 8
Calories 180.28 10





[image: image133.png]Flaxseeds, ground, raw

(Note: "--" indicates data unavailable)
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Protein 2569 5

Carbohydrates 4049 2

Fat - total 590¢g -

Dietary Fiber 3.82¢g 15

Calories 74.76 4





[image: image134.png]Sunflower Seeds, dried

(Note: "--" indicates data unavailable)
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[image: image137.png]Walnuts, English, dried pieces
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Magnesium and Exercise

Some of the major functions that require magnesium are: 
· Protein synthesis

· Nerve function

· Blood sugar control

· Neurotransmitter release

· Blood pressure regulation

· Energy metabolism

· Production of the antioxidant glutathione
[image: image138.png](Men RDA 400 milligrams and Women RDA 310 milligrams a day,)




Benefit #1: Greater Strength
If you’re not optimizing your magnesium stores, you’re missing out on peak performance and may be leaving muscle gains on the table. Without magnesium, the enzymes that enable muscle protein synthesis are impaired, compromising recovery, hypertrophy, and strength.

Benefit #2: Better Hormone Balance
Healthy testosterone and balanced cortisol levels can make or break an athlete. Magnesium helps maintain this equilibrium by helping to free up testosterone so that it can work its magic in the body. It also allows for the metabolism of cortisol after hardcore workouts by reducing nervous system activation.

Benefit #3: Better Insulin Sensitivity & Body Composition
Magnesium is known as the mineral of insulin sensitivity. It helps your body metabolize carbs, while influencing the activity of hormones that control blood glucose levels. Robust magnesium creates a metabolic environment that will help you get superior muscle development and a leaner body composition in less time.

Benefit #4: Faster Recovery
Getting enough magnesium can accelerate recovery processes and aid sleep. Magnesium fights inflammation, raises antioxidant levels, and helps replenish energy stores in the muscle. It also calms the central nervous system, lowering heart rate and enabling restful sleep.

Benefit #5: Greater Power & Vertical Jump
Magnesium is necessary for the explosive movements, making it a key nutrient for athletes who want to enhance athletic performance. For example, volleyball players who took 350 mg of magnesium for 4 weeks increased vertical jump height by an average of 3 cm—a huge amount for trained jumpers!

http://www.thefuelnutrition.com/blog/top-five-athletic-performance-benefits-of-magnesium/ 

[image: image139.jpg]MAGNESIUM

RICH FOODS

1 SPINACH

157 MG | 1 CUP

& 2 CHARD
3 PUMPKIN SEEDS
92 MG | 1/8 CUP }\%

) 4YOGURT OR KEFIR

] ALMUNDS ALY
80 MG | 1CUP J JN\

6 BLACK BEANS

60 MG |1/2 CUP

7 AVOCADO @

8 FIGS

50 MG |1/2 CUP

9 DARK CHOCOLATE @

M 10BANANA

32 MG | 1 MEDIUM




[image: image140.jpg]MAGNESIUM OIL
FACTS & HISTORY

Despite it's name, magnesium oil is not actually an oil — the
name originated because of the oily texture when magnesium
chloride flakes are mixed with water

is an incredibly
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BENEFITS & USES

Sports performance and workout recovery
Athletes need adequate magnesium levels to perform at
their best. Magnesium oil is also a natural muscle relaxant.

Migraine relief
Low levels of magnesium affect receptors and
neurotransmitters that cause migraine headaches.

Skin care

Magnesium breaks apart different fats and oils, and can
help aid in reducing skin oiliness. It also reduces
stress-related skin irritations such as acne and rosacea.

Regulates diabetes

Poorly controlled diabetes depletes magnesium
levels and has major implications in insulin
resistance.

Decreases hypertension
Magnesium supplementation helps decrease blood pressure
in patients suffering from hypertension.

Stress relief and general well-being
Magnesium aids neurological and physiological
processes when the body is under stress.

Sleep improvement
Magnesium works to relax GABA receptors in the brain and
nervous system.

HOW TO USE MAGNESIUM OIL

There are many forms of the oil available for purchase online that feature
various dosages and added minerals — it is also very easy to make at home

Once you start using magnesium oil, do so daily — it can
take time to increase magnesium levels

(3
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&
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@

Spray

« Spraying magnesium oil directly on the skin is
the most common application of the mineral

« Apply after a shower, when the skin is clear of
lotions or other oils

+Rubitin and leave to absorb for about 30
minutes

« The first few times applying magnesium spray
may result in some uncomfortable tingling

Massage
Massage promotes blood flow and will ultimately
maximize the absorption of magnesium oil

Sports Rub

Essential oils like wintergreen can be added to the
oil to create a more potent massage oil for sports
massages

Bath

Soaking in magnesium chloride diluted in a hot
bath can be a great alternative to direct
application

Foot Soaks
Soak feet or legs in warm water with magnesium
chloride

Deodorant
Mineral salts have been used for many years as a
natural odor blocker





[image: image142.png]Your body has the following energy sources available to it, which it burns at different rates depending on the
intensity of physical activity:

+ Body fat provides roughly 30,000-100,000 calories in normal-weight people, depending on how much body fat
you actually have. In obese people, the number is much higher.

* Muscle glycogen provides 1,400-2,000 calories or 350-500 grams of glycogen, which is enough for 90
minutes of endurance exercise. It is stored in muscle cells and used by those cells for energy.

+ Liver glycogen provides about 400 calories or 100 grams of glycogen. It can be turned into glucose and used
by the rest of the body, such as the brain and blood cells.

+ There's also muscle and tissue, which is made of amino acids and can be broken down to produce glucose.
This is the not ideal because it leads to loss of lean mass.




[image: image143.png]Protein and carbohydrates both contain 4 calories per
gram, while fat provides 9 calories per gram. Calculating
your calorie needs can help you determine how many
grams of protein, carbohydrates and fat you should
consume each day.




http://main.poliquingroup.com/ArticlesMultimedia/Articles/PrinterFriendly.aspx?ID=1122&lang=en 

[image: image144.png]APPROXIMATE NUMBER OF MINUTES TO BURN 500 CALORIES

BODY WEIGHT: 120 Ips, 140 Ibs. %60 Ibs. 180 lbs. 200Albs. 220 Ibs. 240 lbs.
54.5 kilos. | 63.5 kilos. | 72.5 kilos. | 82 kilos. 91 kilos. | 100 kilos. | 109 kilos.

Aquaerobics

Boot camp workout
Boxing - Heavy Bag
Cross country skiing
Cycling - outdoor
Cycling - spinning class
Ice skating

Jogging - 6.5 miles/hour
Martial Arts

Pilates

Racquetball

Rollerblading

Rowing

Running - interval sprints

Strength training - maximum rest

Strength training - minimal rest

Swimming laps
Walking - 3.5 miles/hour





Exercise and Antioxidants

[image: image145.png]o Rhonda: Yes. I think that it's something I've been thinking about in a similar way with inflammation and also antioxidants because I think that the type that you
want to interfere with is the colonic inflammation, the kind that's coming from your gut, that's leaking endotoxin, which is released from like dead bacteria and it
causes all sorts of damage because it binds to cholesterol. Anyways, I can get into this whole conversation. But it's the bad stuff. The inflammation that's causing
that chronic reactive oxygen species which damages DNA, proteins, lipids in your cells which gets into the brain and stops serotonin from being released, so it

causes depression and things like that.
Tim: Sounds like a bad cycle.

Rhonda: Yes. Veery viscous cycle too because then you start to activate more inflammatory molecules. I think the good type of inflammation, the good type of
damage, the good type of stress is when you exercise, is when you're doing that type of exercise or heat stress or cold stress or that type of transient stress on
the body that induces all these, the expression of genes that deal with stress so you're increasing the expression of all these good genes that deal with
inflammation expressed. Having that inflammation, having that stress is critical to do that. That's how turmeric works and curcumin. One of the ways it works is
it's actually slightly toxic to us. Because it's slightly toxic to s, our body goes, "Oh wait a minute, I need to increase the expression of all these genes so they
make more of the gene to do all this good stuff, to fight inflammation, to fight reactive oxygen species, all that bad stuff. So I think t's sort of like ... .

Tim: It's like what Dread Private Roberts did in "Princess Bride" with iocane powder.

Rhonda: Yes.

Tim: Alittle bit every day.

Rhonda: Yes. But it's like the chronic versus acute, good type of stress. So that's what I think about. I also have been thinking about it in regards to supplemental
antioxidants. I used to take a lot of vitamin C, supplemental vitamin C. And there were studies that we're showing taking two grams of supplemental vitamin C a
day with lower C-reactive protein and there are all these reasons why I was taking it. But then, studies started to come out where if you take the supplemental
vitamin C like after a workout, the half life is like an hour in a half in the plasma or something. Then, when you work out, you create oxidated stress and you want
that. That's what induces mitochondrial biogenesis. That stress is what signals to the mitochondria to make more mitochondria. But if you dampen that by like
sequestering that stress with an antioxidant, we're not going to get those benefits. There are studies now showing this both in humans and mouse animals. So
now I'm kind of a lttle more cautious about supplemental antioxidants specifically because they can sequester some of that good stress that you want from

that.
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