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AminoFormula 

Goal 
To supply proportionate to the demand, the primary signaling molecules, leucine, isoleucine, valine, histidine, 
phenylalanine, threonine, lysine and methionine that are directly responsible for triggering muscle protein 
synthesis (MPS) in an isolated, low calorie and powdered form allowing timely, rapid, and relatively 
unobstructed transport to skeletal muscles to help support a net whole body positive protein balance beyond 
what is normally achieved with intact proteins containing these eight amino acids. Proper dosing would establish 
the desired hyper-aminoacidemia environment conducive to delivering:    
1) An additive MPS effect to the daily ingestion of intact protein to optimize the user’s exercise induced

MPS/recovery potential to maximize and prolong training gains. Fully recover and avoid training plateaus by
delivering a highly anabolic formula in extreme low calories in support of controlling body composition while
pursuing muscle size and performance goals.

2) To the non-exercising adult population, a low calorie MPS supplement to slow declining net muscle protein
balance starting in third or fourth decade of life that leads to age-related muscle loss. Slow muscle loss and
related aspects (e.g., balance, bone, strength, injury, etc.) in relatively low calorie/nitrogen/sulfur load.

3) A low nitrogen and sulfur producing anabolic triggering supplement in a flexible low calorie starting formula
(add food/supplement components as desired) to support protein needs for anyone, which may be
important to the rapidly expanding aging population hampered by age-related muscle loss combined with or
without loss of appetite or diminishing organ functions.

4) A pre and post activity supplement for exercisers controlling calories during aggressive weight/fat loss
including integration within a weight/bodyfat reduction meal replacement/substitute program.

5) The ability to control body composition while enhancing muscle size and performance gains by a means
(timing of skeletal muscle hyper-aminoacidemia) incremental to other MPS mechanisms such as, but not
limited to exercise, traditional pre/post exercise foods or intact protein feedings, meal timing, cell
volumizing, carbohydrate, creatine or beta-alanine loading, etc.

Rationale 
This document will form the rationale for the use and basis of formulation for the AminoFormula product. For 
those practitioners wanting detailed background information on protein and amino acids in exercise, growth 
and development, weight/bodyfat reduction, muscle protein synthesis (MPS), muscle protein breakdown (MPB) 
and overall health and aging including comprehensive information on the interplay between exercise protocols 
and protein intake (e.g., food/supplement sources, mechanisms of action, goal specific requirements, timing, 
muscle full effect, etc.), they are referred to the Protein in Exercise section (WheySmooth) in The Practitioner 
Dietary Supplement Reference Guide (PDSRG). 

Eight (8) essential amino acids, (EAAs) leucine, isoleucine, valine, histidine, phenylalanine, threonine, lysine 
and methionine are the anabolic agents in protein that trigger/message the MPS process with or without 
exercise. While leucine is the primary activator of MPS, the other seven actuators need to be present in 
proper/complementary amounts or the EAA with the lowest concentration relative to the demand, will restrict 
the anabolic response no matter how much leucine or other amino acids (AAs) are available. 
Researchers have demonstrated that consuming these eight molecules in isolation proportionate to the 
demand allows a greater and faster increase in skeletal muscle (SM) aminoacidemia, which stimulates more 
robust rates of MPS, than intact protein. This rapid increase following a balanced ingestion allows these low-
calorie anabolic agents to be timed as necessary around exercise and meals to create an additive effect on 

http://www.dotfit.com/sites/63/templates/content/images/38360/wheysmooth.pdf
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MPS to what the normal required daily intake of intact proteins produces. Further, these low-calorie anabolic 
agents may help achieve and control desired body composition goals while maximizing MPS. 

Background 
The maintenance of skeletal muscle (SM) tissue, like the mass of other tissues, is dependent on the ongoing 
processes of protein and cell turnover.1,2 Therefore skeletal muscle mass is a result of the degradation 
(catabolism) of existing SM proteins and synthesis (anabolism) of new tissue throughout life.2,3,4 In the normal 
non-exercising, well fed human from birth through puberty and, based on daily activities, sometimes into the 
third decade of life, SM protein balance is generally positive, meaning anabolism outpaces catabolism leading to 
SM growth and strength increases (positive SM protein balance).4,5,6,7,8,9 Exercise can stimulate natural human 
SM synthesis and muscle performance throughout life when compared to a non-exercise state and at a 
minimum, attenuate the obligatory age-related muscle loss when SM protein balance tilts to 
negative.4,10,11,12,13,14 
The general goal of most athletes is to maintain a positive SM protein balance and in fact maximize the body's 
natural MPS processes while minimizing the necessary exercise induced muscle protein breakdown (MPB)15 to 
recover adequately from each training bout to ultimately enhance performance and if desired, increase SM size. 
In other words, the goal of athletes is to continue to improve physically by making each training session build on 
the previous, thus leading to continuous athletic/physical progress.16,17,18, 19,20,21,22 Eventually, as in all aspects of 
life, age will become a factor in abating progress and despite exercise’s constant MPS initiation or stimulus, 
positive training progress slows significantly with age and experience (the younger and/or less experienced, the 
more gains23,24,25),14,26 and training plateaus become common occurrences.17,27,28,29 
Although at some point aging clearly blunts the human response to exercise and nutrition, and eventually there 
will be a decline in performance,30,31,32 this inevitable decline can be prolonged to a point where one has the 
greatest potential to not just extend their athletic success or "playing/competitive lifespan", but for anyone 
wanting to remain self-sufficient throughout life by slowing muscle loss and related aspects (e.g., balance, bone, 
strength, injury, etc.).4,27,28,33,34,35 For this reason, scientists continue to search for nutrition protocols that may 
maximize daily MPS under all circumstances, to not only extend the life period of exercise-induced gains, but 
also to delay the inevitable performance decline for all humans.  
Supplementing the diet with intact protein formulas (containing all 20 amino acids [AA]) such as whey (highest 
biological value), soy, casein, etc., and especially in close proximity to exercise, is a long-held tactic to help 
maximize MPS.20,21,22,36,37 And although complete intact proteins contain all essential amino acids (EAA), 
recently, researchers have discovered that the MPS response from the ingestion of isolated EAA 
supplementation (the anabolic components of intact protein38,39) is greater than twice the response from a 
gram/gram comparable dosage of whey protein isolate.40,41 These results carry on from previous data such as 
the Drummond et al. findings that resistance exercise (RE) alone produced a 40% increase in MPS above fasted 
levels,42and intake of EAAs and carbohydrate (CHO) caused a 100% increase in MPS over the same fasted 
baseline, while exercise with EAA supplementation (EAAS) and CHO working synergistically produced 145% 
increase in MPS.42 Further, it was shown that RE alone increases muscle fiber cross sectional area (CSA), but RE 
supplemented with EAAs and CHO together further improved training adaptations, purportedly from the 
mitigation of normal post-exercise muscle protein breakdown (MPB).43,44 Therefore, a primary mechanism of 
action from EAAS ingestion combined with intact protein has been surmised to be the greater suppression of 
MPB leading to increases in net protein balance compared to intact protein alone. Taken together, since 
ingestion of intact protein and isolated EAAS have been found to have unique and additive MPS results, and 
properties including functional absorption rates (arrival to target tissues – speed and amounts), supplementing 
them both in a timely fashion may yield greater long-term benefits than either protocol alone.   
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Exercise, Protein and EAAs to Maximize and Prolong a Positive Muscle Protein Balance Throughout 
a Lifetime 
Intact Protein, free EAAs and exercise can, at the molecular level, stimulate skeletal muscle protein turnover 
independently.41,45,46, Properly combined, their respective mechanisms of action may function additively in 
favoring MPS to produce a prolonged positive net whole body protein balance (MPS>MPB) including SM as 
measured by whole body protein kinetics (whole body anabolic response) and muscle fractional synthetic rate 
(FSR) respectively.14,15,41,45,46, Therefore, because of differences in digestion and absorption times, and AAs 
splanchnic extraction (non-SM destinations), proper sequencing the ingestion of all three amino acid sources 
(traditional foods, intact protein powders and isolated EAAs) can allow an intracellular hyper-aminoacidemia 
condition that may enhance net whole body protein balance (WBPB) including MPS, or exercise induced gains 
beyond simply meeting protein requirements.40,41,45,46,47,48 The different rates of AA appearance and amounts 
following ingestion into the intracellular space of muscle cells (inward AA flow also stimulates the inward 
transport of the AA) from the three exogenous sources, allows the participant control over daily timing and 
amounts, especially in close proximity to exercise, to achieve a AA saturation/messaging that may maximize and 
prolong MPS, taking full advantage of exercise-induced MPS stimulation that always takes place but may often 
not be fully realized because of incomplete nutrition.18,36,38,45,49 The original research that gave rise to this type of 
supplementation demonstrated that the rate of protein synthesis can be favorably altered by the intracellular 
availability of AA (not intramuscular) and the sensing of the concentration of extracellular AA.47 To be sure, 
current research demonstrating the increases in WBPB or anabolic response from combinations of EAAs and 
intact protein supplementation versus intact protein supplementation or traditional foods alone, credits the 
results to the mTOR (and AMP-activated protein kinase [AMPK]) sensing of these messenger EAAs, which 
includes signaling to suppress MPB, including exercise-induced MPB (albeit a necessary component of MPS). 

18,41,50,51, 52,53

Author’s Original Product Rationale History Note 
In 2005-2007, this author along with Dr. Alan Titchenal, researched and wrote the peer-reviewed chapter titled 
“Other Individual Amino Acids” captured in the book Sports Nutrition: Fats and Proteins edited by Dr. Judy 
Driskel and published by CRC Press.54 The research we utilized to produce the chapter was from published works 
regarding the isolated eight of the nine EAAs, named above, and their contribution to MPS. As described, these 
researchers determined these molecules to be the anabolic components of protein and the only AAs involved in 
the signaling of MPS – i.e., the messenger molecules. From that information, we were able to create a product 
and commercialize it for the purpose of the goals identified in the Goal section of this document and distribute 
throughout our channels of professional and collegiate sports, including the over 1,500 sport/fitness and rehab 
facilities we support and through the National Academy of Sports Medicine (NASM).55 The original researchers 
were testing the formula on the older population to help overcome natural aging anabolic (exercise and protein) 
resistance with respectable success. But we realized their discovery was at a minimum, a low dose branched-
chain amino acid (BCAA) supplement that many intense training athletes, and especially when calorically 
restricted, were using regularly to support LBM and recovery (along with fast acting pre/post exercise 
protein/carbohydrate protocols, we also included tableted BCAAs with the pre/post shakes starting in the 1980s 
for bodybuilders and other strength and performance athletes). The discovery that there were five more AA 
involved in the MPS messaging/activation was an “Ah-Ha” moment for us because it meant that if the proper 
proportion is not supplied timely (intracellular appearance rate during exercise induced hyper-nutrient 
sensitivity), you could ingest all the BCAAs you want but without the other five EAAs present in proportion to the 
demand, maximum MPS may be limited to the lowest available AA of the eight necessary, if indeed there is 
more potential MPS “left on the table” (Plotkin et al. appears to have proven this theory correct56). More 
importantly, we recognized the ability of these isolated molecules to create a timely (in the user’s control) and 
enhanced intracellular hyper-aminoacidemia environment thus potentially enhancing/accelerating recovery 

https://www.routledge.com/Sports-Nutrition-Fats-and-Proteins/Driskell/p/book/9780367389208
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including desired exercise-induced muscle adaptations. The empirical data we captured from our millions of 
users demonstrated a superior result compared to BCAAs and/or adequate protein alone including the use of 
pre/post exercise protein/carbohydrate shakes. We labeled the protocol “protein stacking” that included a total 
of 1 gram of complete/intact protein per pound of LBM daily split between meals (~every four hours), a pre-
workout intact protein shake ~40 minutes before activity and the post workout shake ~ 30 minutes AFTER the 
last amino acid formula dose, which was consumed twice. First EAA dose starts ~10 minutes before exercise and 
can continue to be consumed during (generally finished at the one-quarter or halfway point), and the same dose 
repeated immediately post exercise. This protocol is still being used by many competitive athletes and intense 
exercisers, and subsequent research publications appear to validate that we may been ahead of our time. For 
interested readers, we published a follow up document for our practitioners in 2015 that included updated 
research supporting the protocol. The remainder of this update will focus on current support for use of these 
specialized formulas while the original formula basis can be found in the two linked references above for 
interested readers.    

Basic Mechanism of Action  
Timely, proportionate to the demand, isolated delivery of protein’s anabolic agents into the mTOR1 SM 
signaling pathway creates a hyper-aminoacidemia environment conducive to maximizing MPS. 

Introduction/Review 
Without an endogenous source of protein and its constituent AAs, SM hypertrophy cannot take place at any 
stage in life.17,18,20,57,58 Further, consuming AAs stimulates the MPS response through unique channels whether 
initiated by exercise or not.18,38,47 As depicted by Drummond et al. in Figure 1, together, exercise triggers its MPS 
channels through mechanical loading,17,18,20,50,51,59 while EAAs further enhance this mTORC1 activation, and other 
intracellular AA sensing mechanisms such as the human vacuolar protein sorting-34, (hVps34)60,61,62,63 and also 
by increasing AA transporter expression.64,65,66 Interested readers see Protein in Exercise  for more details. 
In brief terms, exercise triggers MPS through unique channel activation that includes signals from muscle protein 
breakdown (release of AA), which induces a heightened nutrient demand and their respective receptors 
sensitivity allowing exogenous AAs to be delivered timely in the right amounts (specifically EAA including a 
relatively high leucine content) to help maximize an individual's MPS potential.18,27,41,45,50,51,52,53,60,61,67,68,69,70 And 
although non-essential amino acids (can be synthesized de novo from other substances/AA) are necessary 
components of complete muscle tissue,1,2,3 they are not required to stimulate MPS.38,61,71,72 As described  
throughout, the stimulation of MPS or anabolic response from AA is dependent on the EAA present in the 
intracellular space,73 whether released during MPB or inward influx from plasma.47,74 Additionally, it has been 
shown that EAA feedings can stimulate protein synthesis independently or incrementally to intact protein alone 
– i.e. EAA can have an additive effect on MPS.18,41,52,53,75,76,77  
In summary, mTORC1 is the primary complex that determines muscular growth via sensing the cellular contents 
before initiating the building processes. Mechanical loading (exercise) and the presence of AA, specifically the 
EAA, regulate the activation of mTORC1. The outcomes of intracellular EAA are protein synthesis through 
charging the appropriate transfer ribonucleic acid (tRNA), oxidation/energy, or efflux back to plasma.58,59,74 In 
the post-absorptive state (fasted), the major source of intracellular EAA appearance is from an accelerating rate 
of MPB, which is also the principal determinant of the amount of intracellular EAA available as precursors for 
MPS.15,47,78 Recycling of EAAs from MPB is not 100% efficient, and of course offers no chance of increasing the 
SM protein pool (hypertrophy), and therefore without an exogenous source of EAAs, there will be a net loss of 
muscle protein.2,3,4,14,17,18,20,47,57,58,79,80 Further, normal progressive exercise accelerates MPB under any 
circumstances, which heightens the nutrient demand and their respective receptors sensitivity, permitting 
exogenously derived EAA supplied proportionate to the demand, and timely in an energy rich environment, to 
maximize an individual's MPS potential. Therefore, depending on age, experience, energy supply (allotted 

https://www.dotfit.com/sites/63/templates/content/images/38360/AminoBoostXXL.pdf
http://www.dotfit.com/sites/63/templates/content/images/38360/wheysmooth.pdf
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calories for body composition goal), timely saturation of the EAAs (anabolic molecules) in the intracellular space, 
may lead to enhanced size and/or performance training induced results when all else is equal (e.g. training, 
overall protein intake/diet, etc.) or simply act as a low calorie isolated EAA supplement in support of SM 
recovery and maintenance under any conditions.22,35,36,41,52,53,54,81,82,83 
 
Figure 1 – The mTORC1 signaling pathway is driven by muscle contraction, insulin, essential amino acids (especially 
leucine) and energy supply and shows the positive and negative influencers of MPS when diet and exercise converge. 
Source: Drummond et al.59 

 
Abbreviations: AMPK, AMP-activated protein kinase; Akt, protein kinase B; TSC1, tuberous sclerosis complex 1; TSC2, tuberous sclerosis complex 2; 
REDD1/2, regulated in development and DNA damage responses; Rheb, Ras-homologue enriched in brain; TCTP, translationally controlled tumor protein; 
PAM, protein associated with Myc; Raptor, regulatory associated protein of mTOR; G L, G protein -subunit-like protein; MAP4K3, mitogen activated protein 
kinase-3; hVps34, human vacuolar protein sorting-34; S6K1, p70 ribosomal S6 kinase 1; 4E-BP1, 4E binding protein 1; eEF2k, eukaryotic elongation factor 2 
kinase; eEF2, eukaryotic elongation factor 2; rpS6, ribosomal protein S6; PRAS40, proline-rich Akt substrate-40. 
 
Supporting these findings as depicted in Figure 1, Fujita et al. used a leucine enriched EAA mixture of .16 g/lb of 
fat free mass (FFM) containing histidine (8%), isoleucine (8%), leucine (35%), lysine (12%), methionine (3%), 
phenylalanine (14%), threonine (10%), and valine (10%), and demonstrated that EAA availability is the primary 
regulator of mTOR signaling and muscle protein synthesis as described above.38 The study's conclusion was that 
EAA and glucose inhibit AMP-activated protein kinase, ([AMPK] plays critical roles in regulating growth and 
reprogramming metabolism), and activates mTOR signaling in SM leading to an increase in MPS due to 
enhanced translation initiation and the signaling that promotes elongation.38,51,84,85 Further elucidating EAA 
mechanisms of actions, Carlin et al. used 13 g of EAA (2.4 g of leucine) and demonstrated an increase in SM Ras-
related GTP Binding B (RAGB) mRNA (60%), mTOR phosphorylation (30%), leucine concentrations (130%) and 

8* of the 9 EAAs, 
primarily leucine, are the 
triggering molecules for 
MPS: 
• Leucine 
• Valine 
• Isoleucine 
• Phenylalanine 
• Lysine 
• Threonine 
• Histidine 
• Methionine 
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protein abundance (100%), all leading to a 50% increase in protein synthesis.83 They concluded that EAAS 
ingestion increases RAGB expression, which may be an important target for maximizing protein synthesis. 
Moreover, Robinson et al. found that EAAS also increased skeletal muscle mitochondria protein synthesis and 
oxidative enzyme activity in healthy humans, suggesting an additional exercise recovery benefit.82 

Whole-Body Protein Synthesis (WBPS) & Whole-Body Protein Balance (WBPB) 
Drummond et al. demonstrated that increasing the availability of EAA independently up-regulates skeletal 
muscle amino acid transporter expression to help maximize inward flow.65 EAA administered timely including 
before, during, or after exercise has also been shown to have an inhibitory effect on muscle 
breakdown,41,44,52,53,86,87,88 which would be expected since exercise produces an increase in net amino acid efflux 
(proteolysis) during activity due to the loading of SM and a depression in signaling of protein synthesis29,59,89,90 
(see Figure 1). Because the intracellular appearance of EAAs from MPB and/or their inward influx from plasma, 
as described above, govern the anabolic response, timely influx of EAAs (supplementing isolated EAAs) may 
offset too many (some is necessary) negative MPS signals caused by exercise, stresses including diet, or the post-
absorptive state, when compared to a non-supplemented condition, allowing a better recovery and a longer-
term improved WBPB equation.41,44,52,53,86,87,91,92 Mindful that human SM has evolved to be “triaged” – i.e. 
expendable as it serves as a reservoir of AAs for other tissues that support life such as cellular energy 
requirements including splanchnic organs during energy deficits and other stresses leading to catabolism.93 
Therefore, exogenous sources and SM EAAs can and will be redirected to support immediate survival versus 
long-term health (SM maintenance) or “bigger biceps,”2,6,14,18,51,92,94,95 a condition that supplementation with 
properly dosed isolated EAAs may attenuate through their unique transit kinetics and their subsequent flooding 
of the intracellular space of muscle cells. Based on the foregoing, data will be related to the use of supplemental 
isolated EAAs in relation to muscle and whole-body protein balance (or net WBPB) with a focus on the anabolic 
response loosely described as MPB (difficult to ascertain other than final outcomes based on study results) 
compared to MPS. Maximizing exercise induced adaptations (e.g., hypertrophy, recovery, etc.), controlling body 
composition, and staving off the inevitable age related decline in muscle mass for anyone offers the rationale for 
EAAS in conjunction with food intake. 
In summary, orally ingested proteins containing the EAAs necessary for MPS signaling and subsequent muscle 
synthesis come in different formats such as but not limited to, whole foods, protein powders, and isolated EAAs, 
all having unique systemic digestion, absorption and transport kinetics, with the latter having the greatest ability 
to create an on demand anabolic environment – i.e., timing the desired intracellular aminoacidemia that favors 
MPS, which includes suppression of MPB.14,41,53,88,91,92 Further, since SM can be triaged as described above, and 
SM only accounts for 25-50% of whole-body protein turnover, a range driven by metabolic status (e.g., physical 
or dietary stresses),6,51,92,93,94,95,96 and many tissues have higher turnover rates,97,98,99 EAAS outcomes should be 
considered from a global protein synthesis perspective, because anything that improves WBPB compared to a 
non-supplemented state, may be improving SM protein balance through increases in anabolism and/or 
decreases in catabolism (i.e., sparing SM), especially during physical challenges.41,91,92,95,100 Therefore, going 
forward, whole body rates of protein synthesis (and breakdown), which includes SM and other organs, will 
often be considered in determining net protein balance or anabolism/anabolic responses to EAAS. Confirming 
this direction, was the Church et al. work investigating how changes in peripheral EAA following ingestion of 
different proteins and EAA formats affected muscle and whole-body protein synthesis.91 Their data came from 
four recent studies that used primed, constant infusions of L-(ring-2H5)-phenylalanine and L-(3,3-2H2)-tyrosine to 
determine FSR of muscle protein, WBPS, and circulating EAA concentrations. They found that greater peripheral 
EAA concentrations are indeed related to the stimulation of MPS and WBPS and in response to feeding. The 
strongest predictors for postprandial (after feeding) FSR, ∆FSR, and ∆WBPS were measures of EAA 
concentrations, explaining ~30–50% of the variances found in protein synthesis measures. These findings 
support previous works demonstrating the requirement for increased peripheral EAA concentrations to 
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stimulate MPS and WBPS, and that the larger EAA gradient between the extracellular (peripheral) and 
intracellular compartments drives greater inward transport and subsequent increases in the stimulation of 
synthesis.47,101 Further, the authors found, based on the average basal EAA concentrations (961 µmol/L), their 
compounded result indicated a 100% increase in EAA concentrations (Max EAA Concentration = 1922 µmol/L) 
would result in a ∆FSR of 0.020, or a ~34% increase (based on post-absorptive [4 hours fasted] FSR). 
The author’s conclusion was as follows: “Taken together, EAA sources that produce a large and rapid increase in 
peripheral EAA concentrations are recommended to improve muscle and whole-body protein synthesis.”91  

Early Research on EAA Supplementation in MPS With and Without Exercise 
The discovery of the direct effects of EAAs on MPS started the avalanche of research committed to finding a way 
to get an exogenous source of these anabolic molecules delivered to muscle cells where they might improve 
muscle protein balance throughout a lifetime.71,73,78,80 However, as cited above, the notable Bohe et al. research 
demonstrating that MPS was related to the inward AA transport into the extracellular space, not intramuscular 
(specifically EAAs concentrations),47 set the foundation for the ongoing research combining different protein 
formats with isolated EAA supplementation to favorably support/control MPS under various conditions such as 
energy restriction, aging including anabolic resistance,28,102,103 wound/surgical healing, weightlessness,104,105 and 
general exercise recovery under all situations, to produce favorable body composition and/or performance 
outcomes compared to no supplementation. 18,41,44,52,53,75,76,77,86,87,89,90,91,92,93,94,96,106,107,108  
Early examples of the strength of small amounts of EAA supplementation’s effects on MPS were demonstrated 
by Bukhari et al. and Coker et al., with the former showing only 3.0 g of EAA (40% leucine) to be as effective at 
stimulating MPS as 20 g of whey protein in older women after exercise.109 Coker et al. added 6 g of EAA to a 
whey protein meal replacement and compared the weight loss effects of an equal amount of intact protein in a 
normal meal replacement.110 They found a greater loss of adipose tissue and an increase in skeletal muscle 
protein fractional synthesis rate (FSR) in the EAA treated group. Recently, following their previous work related 
to EAA delivery formats (EAAs, intact protein, and protein containing mixed meals),92 Gwin et al. determined 
combining EAAs with high quality intact proteins (everything else equal) enhanced WBPS compared to other iso-
nitrogenous formats, suggesting supplementation to be an “effective strategy to offset body protein loss during 
the catabolic stress of energy deficits.111  

Power and Limitations of Leucine 
As previously discussed, the importance of leucine in stimulating MPS is well established,112,113,114,115,116 and 
therefore researchers conceptualize a leucine threshold for maximizing MPS as shown in Figure 2. The leucine 
threshold (“trigger”) proposes that for maximum MPS to take place following protein ingestion, the muscular 
intracellular leucine concentration needs to reach a given level – i.e., “the leucine threshold.17,66,117,118 In order to 
maximize MPS, this leucine threshold, depending on age and activity, may be in amounts greater than 2.5 g per 
protein dose.17,66,102,118,119,120  To be sure, researchers generally credit much of whey protein’s superior MPS 
qualities to its high EAA content, especially leucine, per gram of protein.121 However, readers should be 
reminded regardless of the excess in leucine, if any of the remaining necessary seven EAAs trigger molecules are 
shorted relative to demand, the one(s) with the lowest concentration will be the limiting factor in the anabolic 
response – i.e. all EAAs required for MPS need to be supplied proportionately to the demand, with leucine as the 
initiator,41,118,122 leading to the ideal leucine-enriched essential amino acid supplementation (LEAAS). 
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Figure 2 - Leucine Intracellular Concentration from Various Protein Sources  

 

Source: Devries and Phillips.121 Intracellular (IC) leucine concentration following the consumption of varied doses of protein in relation to the proposed 
“leucine threshold.” This data is gathered from young, resistance-trained subjects therefore this “leucine threshold” would increase with age and physical 
inactivity.17 The leucine threshold proposes that for maximum MPS to take place following protein ingestion, the muscle intracellular leucine concentration 
needs to reach a given level and the amount of leucine should be >2.5 g – i.e. “the leucine threshold.66,118,119,102 

 
Although LEAAS has demonstrated added value in acute signaling of MPS, the other EAAs (and NEAAs) are 
necessary to sustaining the process and resulting accretion throughout the day,1,2,3, 14,17,18,123,124,125  giving rise to 
the use of multiple protein/EAA formats as detailed above in an attempt to maximize all MPS opportunities (and 
WBPS) by maintaining an anabolic friendly SM AA environment throughout the day.   
 
Below are results of early studies involving EAAS formulas (mostly leucine heavy) that help determine 
successful dosing: 
• Churchward et al., demonstrating the power of leucine, found by adding 5 g of leucine to 6.25 g of protein 

that the supplement was just as effective as 25 g of whey protein in stimulating MPS.118 
• Rowlands et al. compared the effects of 23 g of protein spiked with 5 g of leucine to 70 g of protein spiked 

with 15 g of leucine and a control formula on MPS after endurance exercise.126 Both leucine groups reached 
near maximal FSR, which was 33% above controls. Of note is the three times higher leucine formula 
produced a negligible FSR increase compared to low dose (~13%) but mTORC1 (Ser2448) phosphorylation 
only increased significantly in the high dose, suggesting a threshold in leucine amounts and specific MPS 
target activity. Serum insulin was increased in the high leucine/protein but not with the 5 g.126  

• Dreyer et al. found that enhanced activation of the mTOR signaling pathway is partially responsible for the 
greater synthesis of muscle protein observed when resistance exercise is followed by EAA + carbohydrate 
(CHO) ingestion.124 The formula used was a leucine enriched EAA + CHO solution consisting of histidine, 8%; 
isoleucine, 8%; leucine, 35%; lysine, 12%; methionine, 3%; phenylalanine, 14%; threonine, 10%; and valine, 
10% at .16 g/lb (~20-25 g).38 The leucine-enriched EAA + CHO consumed after exercise induced mTOR 
activation associated with a 145% increase in mixed muscle protein synthesis compared with only a 41% 
increase in those performing exercise alone. They concluded that the formula ingestion following a single 
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bout of resistance exercise significantly augments otherwise normal exercise induced MPS and may be 
partially explained by the increase in mTOR signaling.124 

• Dickenson et al. found that ingesting a LEAA formula after resistance exercise prolongs the anabolic 
response and sensitivity of SM to amino acids in older adults, which may be especially important to 
preserving aging muscle and establishing health preserving nutrition programs.28 

• Xu ZR et al., in a systematic review and meta-analysis through 2013, determined leucine supplementation to 
be effective at increasing MPS, FSR, and LBM and thus deemed it to be a potential aid for addressing age-
related muscle loss.102 

• Komar et al. found leucine supplementation to elicit beneficial effects on body weight, body mass index, and 
lean body mass in older persons.127 

• Mobley et al. found that leucine, β-hydroxy-β-methylbutyrate (HMB) and creatine supplementation may 
independently reduce myostatin-induced muscle fiber atrophy by influencing Akirin-1/Mighty mRNA 
expression patterns, which may be very important to maximizing muscle hypertrophy, or at a minimum, 
reducing normal muscle losses.128 

• Luiking et al. demonstrated that a low calorie leucine enriched (3 g per serving compared to 2 g in casein) 
whey protein source raised serum levels of total AA and EAA, including leucine, to a greater and faster 
extent than casein protein.129 Based on the fact that MPS responds to  extracellular EAA concentrations,47 
subsequent transport and intracellular AA rate of deposition,58,130 and higher postprandial levels of EAA and 
leucine correlate to a greater protein synthesis rates, the authors suggest that the rapid postprandial profile 
of AA appearance in blood is especially important in older adults.129,131 This study also supports the 
additional delivery of an EAAS without the presence of a caloric dense meal. 

• Dreyer et al., using 20 g of EAA twice daily between meals for one week before and two weeks after total 
knee arthroplasty (TKA) showed three times less atrophy in the treated group versus placebo and an 
accelerated return to functional mobility.132 

• Aquilani R et al. analyzed three studies using EAAS in subjects with chronic heart failure (CHF) and/or chronic 
obstructive pulmonary disease (COPD) and physical capacity.33 The three studies consistently demonstrated 
CHF and COPD subjects improved exercise intolerance after one to three months of 8 g/day of EAA 
supplementation. In CHF subjects, exercise capacity increased 18.7% to 23% (watts; bicycle test), and 12% to 
22% (meters) in a 6-minute walking test. Additionally, patients reduced their resting plasma lactate levels 
25% and improved tissue insulin sensitivity by 16%. Results were similar in the COPD group. The authors 
attributed the benefits to the EAA's known effects on improving exercise intolerance through increases in 
muscle aerobic metabolism, mass and function (EAAS increases myofibrils and mitochondria genesis in SM), 
and improvement of tissue insulin sensitivity (improved glucose control).33 

Current Studies Confirming Successful Dosing Protocols and Beneficiaries 
The study by Park et al. describes and demonstrated how the use of low dose EAA supplementation can deliver 
an additive MPS/WBPS effect (anabolic response) to intact protein in healthy young adults.41 They compared the 
whole-body anabolic response in three iso-gram treatments: intact whey protein supplementation (WPS) alone, 
and WPS combined with 6 g and 12 g of EAAs, measuring whole-body protein kinetics. They found a dose-
dependent greater anabolic response with the addition of EAAs. The increase in net balance between whole-
body protein synthesis and breakdown was greatest in the high-dose EAA/WPS subjects. The greater anabolic 
response was due to greater increases in whole-body protein synthesis (three-fold anabolic response increase in 
the 6 g group and six-fold in 12 g subjects) and a markedly greater suppression of whole-body protein 
breakdown (see Figure 3). Further, as shown in Figure 4, in the high dose group, the authors showed the muscle 
protein FSR reflected the changes in whole-body protein synthesis, also documenting a significant increase in 
the muscle FSR in a dose dependent manner. 41 As Figure 5 depicts, their results also support how the faster and 
peak rise in EAA muscle concentrations from isolated EAA supplementation is likely the mechanism of action 
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that can push protein’s anabolic limits beyond the common “muscle full” FSR measurements. In other words, 
compared to other protein/AA formats, due to the supplemented isolated EAAs ability to quickly deliver a 
greater hyper-aminoacidemia SM environment (including leucine peaks), the user could timely (e.g., proximity 
to exercise, during energy deficits, etc.) support greater anabolism while simultaneously enhancing the 
suppression of MPB. To be sure, the high dose did deliver a measurable increase in both net protein balance and 
FSR, thus may have been partially due to the greater suppression of MPB. 
  
Figure 3 - Net Protein Gain from EAA Combined with WPS and WPS Alone41 

 

Source: Park et al.41 Changes from baseline of whole-body net protein balance (NB), protein synthesis (PS) and protein breakdown (PB) 
following ingestion of the free EAAs/WPS composition (6.3 g and 12.6 g) and the whey protein product (17 g). Values are normalized for 
the amount of product consumed. *Statistically different from High EAA; #Statistically different between Low EAA and whey protein. 
 
Figure 4 - Changes in Fractional Synthesis Rate (FSR) from EAA Combined with WPS and WPS Alone 

 

Source: Park et al.41  Muscle protein fractional synthesis rate (FSR) following consumption of one of two doses of the free EAAs/protein 
composition (6.3 g and 12.6 g) and the whey protein product (17.9 g). *Statistically significant from fasted within treatment. 
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Figure 5 below captures the faster increase and higher peak in SM EAA concentrations. Intact protein alone 
supplied gram per gram to EAA treatments, did not accomplish the speed or peaks41,48,91 

 

 
Figure 5. Total plasma EAA concentration (upper panel) and leucine (lower panel) before and following one of two doses 
(6.3 g and 12.6 g) of free EAA/protein composition or the whey protein alone. Bar graphs on right represent the AUC for the 
response above baseline over the four hours following consumption of each dose of free EAAs/protein and of whey protein. 
Source: Park et al.41 
 
Authors conclusion: “there is an interactive effect between free EAAs and whey protein that makes 
their combination highly anabolic in a dose dependent manner that exceeds the anabolic response 
to a whey-protein based supplement by approximately three and six-fold for the low- and high-doses 
of free EAA/protein, respectively, when evaluated on a gram per gram basis.”41 

 
Using 4 g of EAAs (1.6 g of leucine) three times daily, Ford et al.  found a moderate suppression of muscle 
damage following resistance exercise without concomitant increases in myofibrillar protein synthesis (MyoPS). 
The suggested recovery benefit may pay off long-term. This study was completed after four days of exercise.133 
In support of EAAS at the same dosage for recovery, Matsui et al. measured changes in serum creatine 
phosphokinase (CPK) activity and myoglobin concentrations as markers of muscle damage, and concluded the 
dosage to be effective at significantly reducing exercise-induced muscle damage in young exercisers.88 
Negro et al. administered an EAA mix at a dose of .07 g/lb, (~10-14 g) and investigated the acute effects of the 
mixture on myoelectric descriptors of fatigue and maximal force production after a resistance exercise protocol 
in young adult males.134 The results compared to placebo, demonstrated the efficacy of pre-workout EAA mix on 
immediate post-resistance exercise decline of maximal voluntary contractions (MVC), endurance capacity and 
peripheral muscle fatigue as evaluated with multichannel surface electromyography (sEMG) myoelectric 
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descriptors. The conclusion suggests that EAAS, as described throughout, taken before activity/sport events or 
training sessions is effective in preventing early muscle fatigue and to delay task time to failure.134  
Hirsch et al. compared the independent and combined effects of high-intensity interval training (HIIT) and EAAS 
on lean mass, muscle characteristics of the quadriceps, and 24-hr whole-body protein turnover (WBPT) in 
younger overweight and obese adults with a dosage of 3.6 g, twice daily.135 One dose was taken before and one 
dose after the workout or the two doses taken between meals on non-workout days. The results were like other 
exercise and EAAS trials, in that they found that HIIT with EAAS may deliver greater long-term muscular 
adaptions (lean mass size and muscle quality) from the ability of EAAS to support WBPT including MPS and MPB. 
Authors also found that EAAS may be especially important to women’s exercise recovery.135 

Weight/Body Fat Loss and Energy Deficits 
As discussed throughout, based on the mechanisms of action of EAAS at or above muscle saturation levels 
(maximum MPS levels) including suppression of MPB, supplementation may be especially helpful in supporting 
LBM or avoiding the triage effect (described above) during caloric restriction because EAAS improves whole-
body net protein balance beyond MPS.53,92,111,136 
Gwin et al. studied the effects of standard (0.045 g/lb) and high (0.136 g/lb) doses of free-form EAAs on 
exercise-stimulated mixed MPS and whole-body protein turnover during a five day 30% energy deficit.53 As 
assumed, the whole-body net protein balance (NET) was greater for high compared to standard EAAS. The 
improvement in NET was due to greater increases in WBPS and suppression of whole-body protein breakdown 
in the high EAA dose compared to the standard EAA dose (insulin did not differ between treatments). But the 
greater increases in circulating EAA concentrations from the high dose did not increase the post exercise mixed 
MPS more than the standard dose, suggesting in at least the short-term, that whole body EAA requirements 
(e.g., splanchnic needs/survival actions) during an energy deficit take precedent over skeletal MPS. However, the 
high dose effect on NET supports the concept of usage during restricted eating to help offset whole body protein 
losses from the obligatory catabolic actions of dieting with or without exercise.2,6,14,15,18,51,92,93,94,95 Their results 
also suggest a MPS saturation point during an energy deficit since the low and high dose had an equal impact on 
that measure but instead the effects of the higher EAAS are directed to the improvement of NET at the whole-
body level. And again, this would offer value over time during restricted eating since the greater NET from the 
higher dose of EAAS is partially attributed to a lesser reliance on protein breakdown derived precursor AAs to 
support the protein synthesis in important non-muscle tissues.15 Additionally, this study and others support 
evidence demonstrating that EAAs inhibit protein breakdown in a dose-dependent manner in the splanchnic 
area independent of insulin effects.137 And finally, increased NET due to greater EAA availability may also reduce 
the proportion of ingested amino acids directed towards energy production.15,51,53,93,94,95 Likewise, Coker et al. 
demonstrated that an EAA (17 g) fortified meal replacement promoted greater increments in net protein 
balance when compared to a standard intact whey high protein (27g) meal replacement during weight loss.136   

Aging 
For more on aging and protein, including age-related anabolic resistance, see Protein in Exercise pages 18-21. 
Once the eight EAA were discovered to be the primary anabolic agents of protein,38,71,80 EAAS began being tested 
in the aging population to help stave off the inevitable loss of skeletal muscle that eventually leads to adverse 
consequences such as loss of strength, mobility, frailty, fractures, falls, and finally the aging human often 
becomes a burdensome dependence until the end of days.4,13 The rationale for supplementation in aging is 
predicated on the same mechanisms listed throughout: the ability to timely control a hyper-aminoacidemia 
environment to stimulate MPS beyond normal and adequate protein intake, or simply support intact protein 
intake when it is low. Mindful that ~31-50% of adults over age 51 are below the protein RDA (.36 g/lb),138 which 
is significantly lower than newer older adult recommendations (0.5 to 0.8 g/lb) to help overcome the age-
related anabolic resistance to the effects of protein and exercise. Therefore, by supplying the direct anabolic 

http://www.dotfit.com/sites/63/templates/content/images/38360/wheysmooth.pdf
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agents of complete proteins, additional benefits of EAAS for the aging may be realized, such as satisfying the 
now established higher protein requirements139,140,141,142,143,144,145,146,147,148,149 with less nitrogen and sulfur 
production, which may be important to persons with or without loss of appetite or diminishing organ 
functions.150,151 Further, in exercisers, Moro et al. 152 found that EAAS effects on MPS are not hampered by 
normal age-related protein/exercise anabolic resistance in older healthy adults, suggesting a response 
independent of resistance training that may be helpful in supporting muscle mass for anyone.150,152,153  
Negro et al. studied 12 weeks of 10 g/day (two doses of 5 g; first dose before lunch and second before dinner) of 
EAAS (combined with creatine and vitamin D) with no exercise intervention versus placebo in healthy older 
adults (average age 68 yrs). The authors demonstrated that the EAAS mixture compared to placebo positively 
affected muscle mass, muscle strength, muscle power and visceral adipose tissue to the point of 
counterbalancing more than one year of age-related loss of muscle mass and strength.154 Other trials using 
multi-ingredient supplements including AA/protein and no exercise intervention, have shown similar results in 
protecting the loss of skeletal muscle.153,155,156 In the same vein, Lee et al. used 7.5 g of EAAS (40% or 3 g of 
leucine) twice daily (15 g total) and demonstrated a robust aminoacidemia and anabolic signaling in the mTOR1 
pathway (responsible for RNA translation) response compared to placebo in younger and older individuals with 
or without exercise.150  Yoshimura et al. used only 3 g daily taken within 30 minutes after mild exercise in post-
stroke patients and found eight weeks of the EAAS (40% leucine or 1.2 g) to significantly increase muscle mass, 
strength and physical function compared to placebo.157 
Healthy older adults may prefer aerobic exercise (AE) to help maintain fitness or independence. Markoski et al. 
studied whether chronic EAAS or AE training (3 days per week), or a combination of the two interventions could 
improve muscle mass and function by stimulating MPS.158 Participants supplemented one dose of EAA at 15 g 
daily (between meals on non-exercise days and in the non-exercise group, and within one hour after exercise). 
Both groups receiving the EAAS had acute increases in MPS but the AE and EAAS group demonstrated a chronic 
increase in strength. The authors noted that these were independent healthy older well-fed adults, including 
adequate protein intakes, suggesting a long-term benefit for any older persons. The conclusion: “In non-frail, 
independent, healthy older adults, AE training increased walking speed and aerobic fitness, and, when combined 
with EAA supplementation, it also increased muscle strength, and EAAS stimulated muscle protein synthesis.” 
These results support the use of EAAS in well fed healthy older adults to improve muscular adaptions to exercise 
and increase MPS under any condition including without exercise, to support the ultimate goal of prolonging the 
ability to participate in desired activities and remaining independent.158    
Beyond MPS in aging, Suzuki et al. found that ingestion of 6 g (not 3 g) of EAAS resulted in improved attention, 
cognitive flexibility, and psychosocial functioning.159 While the EAAs mechanisms were unclear, the formula was 
designed to directly match the EAA ratios associated with the brain influx rate and support the requirement for 
each amino acid to maintain brain homeostasis, which naturally declines in aging, whether from diet or 
compromised age-related nutrient extraction.138,159,160,161 

Dosing 
Control an on-demand intracellular aminoacidemia that favors MPS based on diet, age, size and activities. 
 
The goal for all humans (athletes, exercisers or not), would be to maintain a net positive protein balance (or 
stave off, minimize or attenuate any negative protein balance age-related or otherwise) as long as possible to 
maintain physical/performance improvements or desired active lifestyles into advancing years by delaying age-
related loss of performance and function, or at a minimum, remain self-sufficient until end of days. Therefore, 
the aim of supplementation is to keep the MPS signaling/activity as strong as possible throughout the day by 
exploiting the EAA MPS pathways to maximize exercise induced tissue adaptations and overall WBPB for 
anyone. Proper dosing would present optimal amounts of EAA at time periods where the body could utilize 
them to complement other protein food forms to maximize whole-body protein synthesis (or net whole body 
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protein balance) including MPS such as before and after exercise or between meals throughout the day based 
on the individual (e.g., size, age, etc.) and their total activities. 
In other words, ingestion of isolated leucine enriched EAAS (LEAAS) would support the necessary inward EAA 
transport into the extracellular space to maintain an intracellular level/concentration of EAA that keeps MPS 
maximized to whatever one’s available daily potential may be, while minimizing MPB beyond what normal 
adequate intact protein feedings can accomplish. Because of multiple extenuating individual factors, there is no 
known exact recipe that would accomplish this for each human but based on all current data captured in this 
document, there is ample information to come very close with a wide range of safety. 

Composition 
EAAs proportionate to their demand in triggering and maximizing WBPS/MPS. 
 
The general composition of the formulas used with success cited throughout this paper, were designed to supply 
the EAAs proportionate to the demand necessary to not just trigger an acute MPS response but also maximize 
WBPS and especially skeletal muscle synthesis, so that there is no AA limiting 
factor,41,44,52,53,54,75,76,77,86,87,90,91,92,93,94,95,96,106,107,108,162 with leucine leading the way (up to 40%) based on its 
proposed priming and trigger effect described above.17,42,66,102,116,117,118,119,120  

Amounts 
Size, activities, diet, age, along with sport, fitness and body composition goals. 
 
Early studies set the stage for today's formulas used in the recent studies cited above by establishing a basic 
dose dependency up to the "muscle full" amount - i.e. more did not increase MPS (mindful we are proposing 
supporting WBPB as described above) in that specific measured time period.72,162,163 Borsheim et al. found no 
additional increase in MPS by increasing the EAA dose beyond 21 g (under these study conditions).162 Tipton et 
al. observed equal MPS in response to the intake of 40 g of AAs composed of 18 g of EAA and 22 g of non-
essential AAs, compared to 40 g of all EAAs.72 In addition, the Borsheim study162 neatly demonstrated that EAA 
ingestion following exercise stimulates MPS independently of all other mechanisms, (calories, insulin, exercise, 
etc.) and the authors calculated that approximately 26 g/d of muscle tissue (including muscle water content) 
was synthesized in response to the EAA supplementation. Two other long-term trials involving elite athletes 
using 6.6 g of EAA three times daily demonstrated significant improvements in physical condition and reduction 
in exercise induced muscle damage when compared to 2.2 and 4.4 g three times daily with everything else 
equal.164,165 Because EAA are the only AA needed for MPS, you can extrapolate the same dosages from 
successful studies using timed ingestion of complete protein. Therefore, these early results 38,71,162,163,166,167 and 
those of more recent studies described above (including measuring WBPB/WBPS) that generally have higher 
proportions of leucine (~30-40% of total EAA content),  show that the amount of EAA supplementation that 
might be required to maximize MPS throughout the day, (at least for the average-sized human), seems to lie 
between 6 and 18 g in one dose and ingested possibly 1-3 times daily depending on diet (energy or food 
restrictions) age (anabolic response/resistance), activities (sedentary to vigorous daily training) and/or goals 
(body composition, performance or remaining independent) 

41,44,52,53,54,75,76,77,86,87,90,91,92,93,94,95,96,106,107,108,150,151,152,153,154,155,156,157,158,159,160 

Timing 
Purpose: diet/protein fortification, exercise recovery, aging, and/or maximize MPS for performance gains. 
 
The timing of EAA supplementation would be situational and population based, therefore assessing all studies 
cited here under different situations and goals, the following conclusions can be made: 
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Athletes/exercisers in energy balance (or minimal caloric restriction) to prolong training-induced performance 
gains (i.e., maximizing MPS and controlling MPB) 

• “Protein Stacking” includes use of all protein formats to induce aminoacidemia conditions that would 
allow an individual to take advantage of their full daily MPS/WBPS potential. Participants would 
consume a total of 1 g of protein per pound of LBM daily split between meals (~every four hours), a pre-
workout intact protein and carbohydrate (CHO) shake ~40 minutes before activity and the post workout 
shake ~ 30 minutes post exercise (30 minutes after the last EAA dose). First EAA dose starts ~10 minutes 
before exercise and can continue to be consumed during (generally finished at the one-quarter or 
halfway point), and the dose repeated immediately post exercise. Hedging all bets, consume a dose 
before bedtime but only if not using an intact protein shake before sleep. 
 

Athletes/exercisers supporting LBM and recovery during moderate to aggressive energy restriction. 
• Same as above but may remove the pre and post workout intact protein/CHO shake to save calories. 

 
Non-exercisers of any age as a low-calorie, high anabolic protein fortification supplement. 

• Take between meals one to three times daily (range depending on daily protein intake) 
 

Anyone seeking a low calorie, highly anabolic, but low nitrogen and sulfur producing supplement, to fortify 
daily protein intake because of diet restrictions, appetite loss, inactivity, aging organs, etc., to shore up 
protein needs and support muscle mass, particularly with aging. 

• Use before and after exercise or between meals if not exercising. 

Summary of AminoFormula Dose and Timing Which Suggest Benefits 

Exercisers/athletes in energy balance or no more than a 20% deficit 

Dose (assuming adequate protein – see above) 
• For those weighing ≤ 150 lbs use 12 g per dose. One before training and repeat immediately post activity. 
• Persons weighing more than 150 lbs, add 0.6 g for each additional 10 lbs of body weight (~5% for each 10 lbs 

of weight) 
o Example: 200 lb person would add 3 g (15 g per dose); 250 lb person would use 18 g per dose 

• Aging (>50 years old) may increase dosage needs based on the body's resistance to the anabolic effects of 
exercise, amino acids, insulin and other related protein synthesis mechanisms in advancing years. Therefore, 
aging exercisers might add ~20% for each decade to their standard body weight dose shown above. 

o Example: 60 yrs at 160 lb=~15 g dose or ~1 and 1/4 scoop (12.6gm + 20% =15.12 g) 

Timing (see “protein stacking” above for intact protein integration for maximizing MPS) 
• Approximately 10 minutes before workout, begin ingestion and continue to consume during exercise while 

aiming to finish before the halfway point of the session. 
• Consume same dose immediately post workout. 
• Repeat dose before bedtime to potentially maximize results if not using intact protein formula before sleep. 

Non-Exercisers 30 Years and Older 

Dose and Timing  
• 12 g per dose; (1 scoop) take three times daily between meals with one of the three doses before bedtime. 
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• Aging (> 50 years old) may increase dosage needs by 20% for each decade (ex: at age 60 years dosage may 
be ~15 g) based on the body's resistance to the anabolic effects of amino acids. 

Food Form Protein Intake Fortification – Anyone 
AminoFormula is purposely not a complete protein for all the reasons discussed here and therefore does not 
publish an amount of protein that would be officially counted as such into a person’s total daily protein intake.  
The eight EAAs in this product are the anabolic agents within a complete protein directly responsible for protein 
synthesis activation and therefore serves as a low calorie, fast acting, high anabolic signaling product for 
activating muscle protein synthesis (MPS) beyond intact protein itself. A person’s total intact protein food 
sources such as beef, chicken, soy, dairy including protein bars or shakes, etc., consumed throughout the day 
supply the remaining amino acids (also from de-novo synthesis) necessary for the complete and prolonged 
synthesis. Nevertheless, because it takes ~25-40 g of a complete protein (range depending on the biological 
value of the source) to get the amount of the eight EAA found in one serving (12 g) of AminoFormula including 
the 6g of BCAA, it would be conservative to add the 25 g number once a day to your protein intake as part of 
your 1g of protein per pound of LBM per day needs. However, active strength/performance athletes using 
AminoFormula regularly, still maintain the 1 g/lb/LBM/d of whole protein sources because whole protein has 
other helpful properties including satiety. Additionally, you could add approximately half a scoop of 
AminoFormula to your favorite fluid when consuming a low protein meal such as a cereal or bagel-type 
breakfast (e.g., continental) or other low quality or quantity protein meals, to raise the limited EAA content of 
the foods so that the meal has all the AA necessary for adequate MPS.  

Data Summary 
Creating a perfect anabolic and recovery environment through controlling SM aminoacidemia 
 
The goal for all humans (athletes, exercisers or not), would be to maintain a net positive whole body protein 
balance (WBPB) as long as possible to maintain physical/performance improvements or desired active lifestyles 
into advancing years including delaying age-related loss of muscle function, or at a minimum, remaining self-
sufficient until end of days. Therefore, the aim of LEAAS is to keep the MPS signaling/activity as strong as 
possible throughout the day by exploiting the LEAA MPS pathways to maximize exercise induced tissue 
adaptations and overall WBPB for anyone. Although intact proteins contain the EAA, researchers have 
discovered that the MPS response from the ingestion of specific isolated EAA (eight of the nine, i.e., the anabolic 
components of intact protein) supplementation is greater than twice the response from a gram per gram 
comparable dosage of whey protein isolate (highest BV protein source). Further, since ingestion of intact protein 
and isolated EAA supplementation have been found to have unique muscle protein synthesis results and 
properties including functional absorption rates (arrival to target tissues – speed and amounts), supplementing 
them both in a timely fashion may yield greater long-term WBPB including MPS benefits than either protocol 
alone. mTORC1 is the primary complex that determines muscular growth via sensing the cellular contents before 
initiating the building processes. Mechanical loading (exercise) and the presence of AA, specifically the EAA, 
regulate the activation of mTORC1 independently and synergistically. The outcomes of intracellular EAA are 
protein synthesis through charging the appropriate transfer ribonucleic acid (tRNA), oxidation/energy, or efflux 
back to plasma. The ingestion of leucine enriched EAA supplementation and its effect on MPS can be amplified 
throughout the day by supplementing protocols that maintain a specific rate and frequency of LEAA appearance 
in the extracellular space thus maximizing intracellular transport at given opportune MPS times. Moreover, 
normal progressive exercise accelerates MPB under any circumstance, which heightens the nutrient demand 
and their respective receptors sensitivity, permitting exogenously derived EAA supplied proportionate to the 
demand, and timely in an energy rich environment, to maximize an individual's MPS potential. Therefore, 
depending on age, experience, energy supply (allotted calories for body composition goal), timely saturation of 
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the EAAs (anabolic molecules) in the intracellular space, may lead to enhanced size and/or performance training 
induced results when all else is equal (e.g., training, overall protein intake/diet, etc.), or simply act as a low 
calorie isolated EAA supplement in support of skeletal muscle recovery/adaptations and maintenance under any 
conditions. An effective dose (i.e., proportionately supplied based on demand) appears to be 6-21 g of EAA with 
3-5 g of leucine. The range is probably a function of age, body size, energy intake, exercise type, volume, and 
intensity, all which may drive a different usage threshold. Two to three doses consumed before and after 
exercise, or between meals when not exercising, may keep the MPS signaling maximized throughout the day. 
In summary, by controlling skeletal muscle aminoacidemia, AminoFormula can maximize daily activity 
recovery, including exercise-induced adaptations additive to intact proteins, by supplying the components 
(eight essential amino acids including high in the BCAAs) directly responsible for activating MPS (i.e., the 
isolated anabolic agents of intact protein) so that every workout builds on the previous to deliver continuous 
gains, avoid plateaus and support healthy aging for anyone. Because the formula is highly anabolic within 
extreme low calories, regular use could act as a positive influence on the regulation of muscle mass, overall 
health and weight control across the lifespan to continue to allow a desired body composition and activities. 

Formula Components in a 12 g Dose (1-scoop) 
The EAAs, except for leucine and to a much lesser extent lysine,168 have been rarely studied individually as 
ergogenic aids but generally in groups as referenced in this document and contained in the formula. As 
described, this formula's composition has been structured from available research to be roughly proportionate 
the demand for each of the eight EAAs to timely maximize MPS. In other words, when properly dosed by weight, 
the ratio (individual percentages) of the supplemental AAs is designed to eliminate any of the molecules from 
being a limiting factor in the anabolic response and subsequent favorable remodeling. 
For more information on all amino acids, please see the comprehensive review by Neal Spruce and Dr. Alan 
Titchenal in the publication Sports Nutrition, Fats and Proteins54 

BCAA (See above and dotFIT Recover&Build™) 

• Leucine (4,000 mg) 

• Isoleucine (900 mg) 

• Valine (1,100 mg)  
 

Phenylalanine (1,670.5 mg): Phenylalanine (P) is an EAA that participates in protein synthesis.1,2 It can be 
converted to tyrosine via hydroxylation. Phenylalanine is both glucogenic and ketogenic.169 Sports drinks that 
contain a mixture of carbohydrate and free-form amino acids, including phenylalanine, can result in a greater 
insulin response than carbohydrate by itself.170,171 P is a tyrosine precursor, and is a substrate for tyrosine 
hydroxylase, the enzyme that catalyzes the rate-limiting step in catecholamine synthesis.172 The current DRI 
recommendation for total aromatic amino acids (phenylalanine and tyrosine) for adults aged 19 years and older 
is 27 mg/kg/.d.173 
 
Lysine (1669.5 mg): L-lysine is an indispensable dibasic amino acid (L-2,6-diaminohexanoic acid) required for 
human growth and for maintaining nitrogen balance in adults.1,2 Lysine cannot be synthesized by the body, and 
therefore must be supplied through diet.174 Lysine, like most other amino acids, is a building block of body 
proteins. 1,2 Among the indispensable AA, lysine is present in the greatest amounts, at 93.0 mmol/dl and 38 
mmol/dl in tissues and serum respectively.168 Lysine is also required for collagen synthesis, and may be central 
to bone health.175,176,177 Recent intake recommendations to meet the lysine requirement range from 64 to 30 

https://www.dotfit.com/sites/63/templates/content/images/38360/RecoverANDBuild.pdf
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mg/kg/d for infants (>6 months) and adults (>18 years), respectively.173 Lysine intake in the Western human diet 
is in the range 40–180 mg/kg/d). An upper limit of 300–400 mg/kg/d) can be considered in humans.178 
 
Threonine (1300 mg): Threonine is an EAA often low in vegetarian diets. Aminotransferases exist for all amino 
acids except threonine and lysine. Its main routes of catabolism lead to both ketogenic and glucogenic 
metabolites.179 The human requirement for threonine set by FAO/WHO/UNU at 7 mg/kg/day180 has been 
challenged by more recent data suggesting a level more than twice this amount to maintain AA 
homeostasis181,182 in healthy adults. The Institute of Medicine more recently established a threonine RDA for 
adults at 27 mg/kg/day.173 
 
Histidine (900 mg): The end product of histidine catabolism is glutamate, making histidine one of the 
glucogenic amino acids. Kriengsinyos et al. investigated histidine’s essentiality in healthy adult humans 
consuming a histidine-free diet for 48 days. They discovered a gradual decrease in protein turnover and a 
substantial decrease in plasma protein concentrations, including albumin, hemoglobin, and transferrin. Although 
histidine deficiency may not affect nitrogen equilibrium, it can impact other important health parameters.183 

Histidine, like cysteine, also may have antioxidant properties.184 In regard to sport/fitness applications, histidine 
alone has not been studied as a supplement for improving athletic outcomes. Carnosine is related metabolically 
to histidine and histamine. It is a naturally occurring histidine-containing dipeptide present in muscle tissue. 
Being immuno-protective, carnosine has been shown to detoxify free-radical species, protect cell membranes, 
and act as a buffer against lactic acid and hydrogen ions.185  This is especially important in athletic events where 
lactic acid buildup (metabolic acidosis) can affect performance by causing fatigue.21,186,187 Intracellular buffering 
agents such as phosphates and histidine-containing peptides may help delay fatigue by buffering hydrogen ions, 
reducing oxidative damage, and maintaining cell membrane integrity.188,189,190 The daily recommended amount 
for histidine is 8 to 12 mg/kg of body weight per day in adults. 173,191 
 
Methionine (360 mg): Methionine is a major source of sulfur in human diets, and is an EAA for normal growth 
and development.1,2 It is considered glucogenic, due to its conversion to pyruvic acid via succinyl CoA. It is a 
major methyl-donor, and important in the metabolism of phospholipids. It is also prominent in methylation 
reactions, and as a precursor for cysteine, which is the rate-limiting AA for glutathione synthesis. High levels of 
methionine are associated with hyperhomocysteinemia and endothelial dysfunction, which are risk factors for 
cardiovascular disease.192 Deficiency of methionine produces hepatic steatosis similar to that seen with ethanol 
use,193 and supplementation with this lipotrope can prevent ethanol-induced fatty liver.193 Besides methionine’s 
role in methyl-group metabolism, and in serving as a substrate for protein synthesis, its other functions include 
participation in the synthesis of polyamines, catecholamines, nucleic acids, carnitine, and creatine.194,195,196 

Because of its many functions, methionine has a high intracellular turnover.197,198 It may be the amino acid that 
is most rate-limiting for the building of body proteins, including maintaining nitrogen balance and the effective 
reutilization of the other amino acids.199,200 Therefore, the requirement for methionine increases significantly 
during times of high protein turnover, as seen in burn and trauma patients.201,202 The dietary requirement for 
methionine, originally based on early nitrogen balance studies,203,204 is usually reported as a component of the 
requirement for total sulfur amino acids (SAA) that includes cysteine/cystine. Estimates of adult SAA daily 
requirements range between 13 and 16 mg/kg (17 to 27 mg/g protein).205 

Typical Use 
• Exercisers/athletes seeking continuous physical and performance progress. 
• Especially important recovery aid for older exercisers/athletes. 
• Any dieter including users of intermittent fasting and ketogenic diets. Due to its low-calorie content and high 

anabolic potential, it may be used as the sole pre and post activity supplement for anyone requiring low 
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body fat, following prolonged restricted calorie diets, and/or dieting because of weight restrictions (e.g., 
weight classes). 

• Ideal for recovery on days of multiple training sessions or tournament play before, during or after each 
event (i.e., trickle in with normal fluid/electrolyte intake).  

• Can be used with NO7Rage™ and in the dotFIT™ "Stacking Programs," providing enhanced progressive 
exercise-induced results. 

• All non-exercisers over 30 years of age. 

Precautions 
Presently, insufficient data exists to use the risk assessment model for determining an upper limit (UL) for any of 
the amino acids. Furthermore, chronic excessive use of individual amino acids is highly unlikely in athletes (no 
perceived value at levels that may lead to danger) and potentially uncomfortable (e.g., stomach distress). 
Consequently, collecting data on amino acid toxicity is difficult and possibly unnecessary. Reported adverse 
events from acute and chronic high-level intake of amino acids are extremely rare.206 Amino acid 
supplementation safety appears to have survived the “test of time” as it relates to use by athletes. Despite the 
lack of adverse events reported by athletes who use amino acid products and the lack of UL values for amino 
acids, the safety of chronic high intakes of amino acids is unknown. However, the risk/benefit ratio appears to 
be extremely low. And the amounts present in recommended doses of AminoFormula do not approach any level 
of amino acid intake that may lead to adverse events. Phenylketonuria (PKU) is a rare disease (generally 
diagnosed at birth) caused by an inborn error in the ability to metabolize phenylalanine (lacking the enzyme 
phenylalanine hydroxylase).207 In affected people, if the diet is not controlled by severe restriction of 
phenylalanine intake, PKU can lead to serious irreversible neurological disorders, such as mental retardation. 
Because homocysteinemia is linked with cardiovascular disease, long-term use of high intakes of individual 
methionine supplements may be of concern.208 

Contraindications 
This product, as with any protein/AA or creatine-containing supplement, is contraindicated for users with kidney 
or liver disease. This product is contraindicated for phenylketonurics because it contains phenylalanine. This 
product is also contraindicated for pregnant or lactating females because for ethical reasons it is not studied in 
these groups and because protein can be adequately supplied by the diet for fetal growth or lactation needs. 
BCAAs are contraindicated in people with the rare genetic disorder, Maple Syrup Disease, as they cannot 
properly process the AAs.209   

Adverse Reactions 
BCAAs have been used in studies in doses of at least 12 g/day with no side effects, making the dose in 
AminoFormula safe for healthy users.210 Large doses of BCAAs ingested rapidly may cause stomach distress in 
sensitive users.211  
 
Lysine is often used for herpes simplex at an oral dose of 1 to 3 g/day. It has been used in doses from 400 mg to 
6 g/day without adverse events. Above 8 g/day, however, can cause profuse watery diarrhea in those with 
lysinuric protein intolerance.212,213 These studies suggest the lysine in AminoFormula should be well tolerated in 
healthy users.168 
 
Methionine: The average American consumes at least 2 grams (2,000 mg) of methionine each day.214 

2.5 grams every four hours for 16 hours has been used for acetaminophen poisoning and for liver disorders.215 

Methionine is frequently used in doses of 100 mg/kg to test individuals with various diseases and levels of 

https://www.dotfit.com/stacks
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homocysteine in their blood.214,216 The 100 mg/kg dose is generally considered a safe dose during short-term use 
for medical testing with mild side effects reported.217 100 mg/kg is a much larger dose than users will receive in 
AminoFormula. Coincidentally, both methionine deficiency and an excessive acute intake (>100 mg/kg) are 
associated with liver diseases and other adverse events.218,219  These studies suggest the methionine in 
AminoFormula should be well tolerated in healthy users. 

Histidine supplementation in doses of 4 g/day has shown no side effects,220 whereas doses of 24 to 64 g have 
caused anorexia and increased urinary zinc excretion.221 These studies suggest the histidine in AminoFormula 
should be well tolerated in healthy users. 

Threonine has been used for spinal spasticity and amyotrophic lateral sclerosis (Lou Gehrig’s disease) in doses 
from 2 to 7.5 g/day.219,222 Threonine in doses up to 4 g/day is associated with mild adverse events ranging from 
nothing to slight GI discomfort. One study of spasticity at 7.5 g/day showed no adverse events.222 These studies 
suggest the threonine in AminoFormula should be well tolerated in healthy users. 

Phenylalanine has been used for a depigmentation disorder called vitiligo in doses of up to 100 mg/kg with 
minimal to no side effects.223 A typical 154-pound athlete would be consuming 7 g/day at that dose, making the 
amount in AminoFormula safe for users without PKU.  

Overall, essential amino acid supplementation in combined doses from 12 to 60 g/day and as described here is 
well tolerated and exhibits a strong safety profile in individuals without PKU, kidney or liver disease.
41,44,47,48,49,52,53,54,75,76,77,86,87,90,91,92,93,94,95,96,106,107,108,110,111,150,151,152,153,154,155,156,157,158,159,160,162,224

Upper Limit/Toxicity 
• Amino acid blends and protein supplements have been studied for use in numerous disease states and to

improve sports performance for decades with a large margin of safety between the typical doses and those
needed to elicit toxic effects in healthy users21,22,54,55,57,162,206,208,224,225,226,227 including children.228

• A proposed upper limit for leucine (only based on plasma and urinary variables, not an adverse reaction) is
~227 mg/lb (150 lb person would need to consume ~34 g of leucine to approach this level) 229 We should be
mindful that even at this proposed level there are no known side effects. It was simply not making a positive
contribution in protein metabolism/synthesis in the subjects under the conditions of the study.

• In addition, the amino acids in AminoFormula all appear on the Generally Regarded as Safe (GRAS) list and
are in forms which may be safely used when added to foods.230

Table 6: Toxicity in animals* 
AA NOAEL/LOAEL† LD50 Mouse LD50 Rat 

Histidine >4.5 g/d 15,000 mg/kg orally 15,000 mg/kg orally 
Isoleucine 14.4 g BCAA/d 6822 mg/kg* 
Leucine >6 g/d 5379 mg/kg* 
Lysine 3 – 40 g/d 10,000 mg/kg^ 
Methionine 5 g/d 9500 mg/kg* 36,000 mg/kg orally 
Phenylalanine >4 g/d 1322 mg/kg* 5287 mg/kg* 
Threonine >6 g/d 3098 mg/kg* 
Valine 14.4 g BCAA/d 5390 mg/kg* 

* Intraperitonea   **Data from TOXNET; ChemIDplus Lite.   ^ Data from MSDS sheets.
†Derived from Garlick et al.208 Doses given are levels used in studies that showed mild to no adverse events and are clearly
below toxic levels.



Practitioner Dietary Supplement Reference – 4th Edition 

Practitioner Dietary Supplement Reference Guide         www.dotFIT.com/PDSRG 
This information is educational material for dotFIT certified fitness professionals.  
This literature is not to be used to imply that dotFIT products may diagnose, cure or prevent disease. 

        21 

Summary 

Purpose 
Maximize MPS/recovery and control body composition while pursuing any sport and fitness goal 

To supply proportionate to the demand, the primary signaling molecules, leucine, isoleucine, valine, histidine, 
phenylalanine, threonine, lysine and methionine that are directly responsible for triggering muscle protein 
synthesis (MPS) to deliver: 
• An additive MPS effect to the daily ingestion of intact protein to optimize the user’s exercise induced

MPS/recovery potential to maximize and prolong training gains.
o Fully recover and avoid plateaus by delivering a highly anabolic formula in extreme low calories in

support of controlling body composition while pursuing muscle size and performance goals.
• For the non-exercising adult population, a low calorie MPS supplement to slow age-related loss of muscle

and related aspects (e.g., balance, bone, strength, injury, etc.), that starts in the third or fourth decade of
life.

• A low nitrogen and sulfur producing supplement in a flexible low calorie starting formula (add
food/supplement components as desired) to support protein needs for anyone, which may be especially
important to the rapidly expanding aging population hampered by age-related muscle loss combined with or
without loss of appetite or diminishing organ functions.

• A pre and post activity supplement for exercisers during aggressive weight/fat loss including integration
within a weight/bodyfat reduction meal replacement program.

Unique Features 
• The formula uses a leucine enriched EAA blend that has been shown to significantly increase muscle protein

synthesis in clinical trials with both adult athletes and non-athletes of all ages.
• The proprietary EAA composition supplies the anabolic agents of protein, in proportion to the demand, that

are directly responsible for triggering muscle protein synthesis (MPS) in an isolated, low calorie and
powdered form allowing timely, rapid, and relatively unobstructed transport to skeletal muscles to help
maximize MPS.

• Extremely high anabolic formula delivered in a low calorie, relatively low nitrogen and very palatable
drink/solution.

• Used with any program, this unique formula provides an incremental performance/muscle and recovery
effect, thus can be additive to all other protocols including pre/post protein and carbohydrate feedings.

• NSF Certified for Sport (NSFCS).
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