
The Clinical Application of Creatine, 
L-Glutamine, Ornithine and Arginine

Dr. James Meschino DC, MS, ROHP

Associate Professor: CMCC, division physiology and biochemistry

Director of Wellness/Health Promotion: Smart Employee Benefits Inc 
(www.seb-inc.com) 

http://www.seb-inc.com/


Overview
Creatine:

• Anti-Aging – especially after age 45-50 (maintaining functional ability)

• Neuroprotective – concussion, memory, PD, HD, possibly ALS, ischemic stroke recovery

• CVD - Ischemic Heart Disease, Heart Failure, Prevention of Myopathy in Statin Drug Use

• Type 2 Diabetes Management

• Musculoskeletal Rehabilitation

• Sports Performance – Explosive Power, Sprints, Repeated Sprints, Lean Mass Gains

L-Glutamine:

• Anti-Catabolic Lean Mass Support (anti-aging and athletes)

• Immune Support

• Intestinal Health

• Growth Hormone Secretagogue – Anabolic Support (anti-aging and athletes)

Ornithine and Arginine:

• Growthy Hormone Secretagogue –Anabolic Support (anti-aging and athletes)

• Endogenous Creatine Synthesis (Arginine) 

• Nitric Oxide Synthesis (endurance performance and endothelial function) - Arginine



This Webinar Reviews:

Combined Effects of Creatine, L-Glutamine, Ornithine and Arginine:

1. General Overview of Creatine

2. Anti-aging, including Key Biomarkers, Cognitive Function, Lean Mass, Bone Mass and 
Functional Ability

3. Neuroprotective: Aging Bran, Concussion, Neurodegenerative diseases: Parkinson’s 
dis, Huntington’s dis, Stroke, ALS.

4. MSK Rehabilitation

5. Type 2 Diabetes Management

6. Ischemic Heart Failure and Heart Failure

7. Preventing Myopathy from Cholesterol-lowering Statin Drugs (e.g., Lipitor)

8. Adjunct to Vegan and Vegetarians Diet

9. Sports Performance

10. Immune System Optimization

11. Intestinal Tract Function

12. Endothelial Function and Lipids in Heart Attack Prevention

13. Impact of Statin Drugs on Creatine Synthesis and Muscle Damage



Creatine
Misconceptions:

1. A supplement only for young athletes (body builders and power lifters)

2. May or may not be safe

3. May or may not be allowed by Sports Organizations

4. A type of steroid substance

Actual Clinical Applications:

1. Athletes – many different types (not just body builders and power lifters)

2. Anti-Aging (brain, heart, muscle, bone density, functional ability)

3. Neuroprotective and Rx Neurological Conditions

4. Cardiovascular Conditions

5. Bone Support



Quick Review of Energy Metabolism:
Where Does Creatine Fit In?



Note: Cytochrome I – III Require CoQ10
Energy not used to form ATP is given off as heat to maintain body 
core temperature.
CoQ10 declines with age and in PD



General Overview of Creatine:
What is Creatine? – Creatine is a high-energy phosphate reserve that 
can quickly recycle ADP and Inorganic Phosphate to ATP to help meet 
the cell’s ATP energy needs. The body only stores 3 oz of ATP energy 
at any given time, and thus, muscles and brain cells rely on Creatine 
Phosphate (CP) to help maintain optimal ATP synthesis. This is 
especially true in muscles performing high-intensity work or repeated 
bouts of sprint-type activity or under ischemic conditions (heart m, 
brain).



Creatine can be recycled back to CP in ATP abundant state 
(recovery and resting metabolism) using CK enzyme, but PC 
provides immediate source of ATP energy renewal in low 
ATP state: Exercise, Heart Failure, Some Neurodegenerative 
Disease involving Mitochondria Dysfunction



Creatine is a Conditionally Essential Nutrient in that the 
body synthesizes some Creatine but relies on Diet and/or 
Supplementation to Optimize CP Stores. Creatine turnover 
creates Creatinine, which is excreted in the urine.
https://www.mdpi.com/2072-6643/11/5/1044/htm

https://www.mdpi.com/2072-6643/11/5/1044/htm


Endogenous Creatine Synthesis
Creatine synthesized primarily in Liver & Kidneys at rate of about 1 gram/day in young adults.

Synthesis requires glycine and arginine and SAMe (folic acid and vitamin B12) 

In the first step of the biosynthesis these two amino acids are combined by 
the enzyme arginine:glycine amidinotransferase (AGAT, EC:2.1.4.1) to form guanidinoacetate, 
which is then methylated by guanidinoacetate N-methyltransferase (GAMT, EC:2.1.1.2), 
using S-adenosyl methionine as the methyl donor.

Creatine can be phosphorylated by creatine kinase to form phosphocreatine, which is used as 
an energy recycling substrate for ATP synthesis in skeletal muscles and the brain. 
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Endogenous Creatine Synthesis Requiring Arginine, Glycine, Folic Acid and B12
https://www.researchgate.net/figure/Amino-acids-and-creatine-synthesis-The-production-of-1-molecule-of-creatine-requires-an_fig1_26245516

https://www.researchgate.net/figure/Amino-acids-and-creatine-synthesis-The-production-of-1-molecule-of-creatine-requires-an_fig1_26245516


Creatine and Creatine Phosphate



Journal of the International Society or Sports Medicine: 

Kreider RB et al. International Society of Sports Nutrition position stand: Safety and Efficacy of Creatine Supplementation in Exercise, Sport, and Medicine
June 13, 2017 
https://jissn.biomedcentral.com/articles/10.1186/s12970-017-0173-z

• In normal diet containing 1–2 g/day creatine, muscle creatine stores are about 60–80% 
saturated. 

• Supplementation of creatine serves to increase muscle creatine and PCr by 20–40% 

• Creatine Loading - Most effective way to increase muscle creatine stores is to ingest 5 g of 
creatine monohydrate (or approximately 0.3 g/kg body weight) four times daily for 5–7 days. 
Athletes do this in loading phase.

• However, higher levels of creatine supplementation for longer periods of time may be 
needed to increase brain concentrations of creatine, offset creatine synthesis deficiencies, 
or influence disease states. 

https://jissn.biomedcentral.com/articles/10.1186/s12970-017-0173-z


Alternative Supplementation Protocol is to ingest “3 g/day of creatine 
monohydrate for 28 days”. (I like this better for non-athletes)

However, this method would only result in a gradual increase in muscle creatine 
content compared to the more rapid loading method and may therefore have 
less effect on exercise performance and/or training adaptations until creatine 
stores are fully saturated. 

Research has shown that once creatine stores in the muscle are elevated, it 
generally takes 4–6 weeks for creatine stores to return to baseline. 

Aging - Recommended that due to the health benefits of creatine, individuals 
should consume about 3 g/day of creatine in their diet particularly as one ages. 

No evidence has suggested that muscle creatine levels fall below baseline after 
cessation of creatine supplementation; therefore, the potential for long-term 
suppression of endogenous creatine synthesis does not appear to occur.



Journal of the International Society or Sports Medicine: 

Kreider RB et al. International Society of Sports Nutrition position stand: Safety and Efficacy of Creatine Supplementation in Exercise, 
Sport, and Medicine
June 13, 2017 
https://jissn.biomedcentral.com/articles/10.1186/s12970-017-0173-z

• Upper limit of creatine storage appears to be about 160 mmol/kg of dry muscle 
mass in most individuals. About 1–2% of intramuscular creatine is degraded 
into creatinine (metabolic byproduct) and excreted in the urine.

• Therefore, the body needs to replenish about 1–3 g of creatine per day to 
maintain normal (unsupplemented) creatine stores depending on muscle 
mass. About half of the daily need for creatine is obtained from the diet.

• For example, a pound of uncooked beef and salmon provides about 1–2 g of 
creatine. 

https://jissn.biomedcentral.com/articles/10.1186/s12970-017-0173-z


Special Considerations:
In-born Errors of Metabolism:
Some individuals have creatine synthesis deficiencies due to inborn errors in AGAT, 
GMAT and/or creatine transporter (CRTR) deficiencies and therefore must depend on 
dietary creatine intake in order to maintain normal muscle and brain concentrations 
of PCr and Cr.

Vegetarians:
Vegetarians have been reported to have lower intramuscular creatine stores (90–
110 mmol/kg of dry muscle) and therefore may observe greater gains in muscle 
creatine content from creatine supplementation. 

Athletes and Certain Health Conditions:
Conversely, Larger Athletes engaged in intense training may need to consume 5–
10 g/day of creatine to maintain optimal or capacity whole body creatine stores and 
Clinical populations may need to consume 10–30 g/day throughout their lifespan to 
offset creatine synthesis deficiencies and/or provide therapeutic benefit in various 
disease states.



Absorption and Utilization

• Creatine absorption from the intestinal tract is very efficient.  Studies 
show that a 6-8 gm oral load of creatine results in approximately 50% 
of the ingested creatine being excreted in the urine. 

• Thus, researchers are still working to identify the ideal single, daily 
and cumulative doses of creatine for various applications. (26) 

• Concurrent Simple CHO Ingestion Improves Creatine Absorption: 
Studies demonstrate that a 5gm oral load of creatine, followed by 93 
gm oral load of simple carbohydrate in solution (water) at 30 minutes 
post-creatine intake (4-times per day), resulted in a 60% increase in 
total muscle creatine compared to subjects ingesting the same 
amount of creatine in the absence of a simple carbohydrate drink.  



• Subjects ingesting creatine and the simple carbohydrate drink, had 
higher insulin levels and significantly less creatine lost in their urine, 
indicating that higher insulin levels is likely a key to greater muscle 
uptake and utilization of creatine, and a reduction on urinary loss.  
Thus, it is accepted that creatine utilization is enhanced by concurrent 
ingestion of a simple carbohydrate drink (e.g., fruit juice). (25)

• Additionally, concurrent administration of creatine and glycogen 
reveal that creatine supplementation enhances muscle levels of 
glycogen (glycogen supercompensation) beyond that attainable from 
glycogen loading alone.  As supercompensation of muscle glycogen is 
also an ergogenic factor in exercise performance, the combination of 
creatine and carbohydrate loading appear to improve performance 
by increasing muscle creatine and muscle glycogen. (27)



Illustration of Creatine Stores Under Various Conditions (2017 Review)
https://jissn.biomedcentral.com/articles/10.1186/s12970-017-0173-z/figures/4

https://jissn.biomedcentral.com/articles/10.1186/s12970-017-0173-z/figures/4
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Vegetarians Supplemented with Creatine Improve Neurocognitive Scores
The American Physiology Society Press Release (annual meeting at Experimental Biology 2019 in Orlando Florida). April 8, 2019

https://www.eurekalert.org/pub_releases/2019-04/aps-dsb032919.php

• A team of researchers from Stetson University in Florida conducted a study using creatine 
supplementation in vegetarians. They had vegetarian subjects take a neurocognitive test 
(ImPACT Test) prior to creatine supplementation, and then had some of the vegetarians take 
a creatine supplement each day for 4-weeks, while the other group did not take a creatine 
supplement. The neurocognitive test was retaken at the end of the 4-weeks and the 
results showed that those who ingested the creatine saw significant improvement in their 
neurocognitive scores. 

• What is neurocognitive function you ask? – it’s having to do with the ability to think and 
reason. This includes the ability to concentrate, remember things, process information, 
learn, speak, and understand. 

• Meat eaters who consumed creatine, in the same study, did not see an improvement in 
their neurocognitive scores because their brains already had ample creatine from the 
consumption of these flesh-based animal protein foods. Dairy products have very little 
creatine.

https://www.eurekalert.org/pub_releases/2019-04/aps-dsb032919.php


Creatine and Anti-Aging
Journal Dynamic Medicine 2009
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2807421/

• Sarcopenia is an age-dependent loss of skeletal muscle mass resulting in 
reduced strength, limited mobility and increased injury risk. Nearly 50% of older 
adults (≥ 60 yr) in the United States have been estimated to be sarcopenic, with 
approximately 20% classified as functionally disabled.

• The best treatments for reducing the effects of sarcopenia include resistance 
training, and testosterone administration; however, testosterone is often 
widely unavailable and may be associated with adverse effects in older adults 
(cancer CVD etc.). 

• Conversely, creatine supplementation may prove to be a safe and effective 
over-the-counter means to diminish age-related declines in muscle mass and 
strength as research has found creatine supplementation to increase strength 
and type II muscle fiber diameter “independent of exercise.”

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2807421/


“Results suggest creatine supplementation to be a safe, inexpensive 
and effective nutritional intervention, particularly when consumed in 
conjunction with a resistance training regime, for slowing the rate of 
muscle wasting that is associated with aging. 

Physicians should strongly consider advising older 
adults to supplement with creatine and to begin a 
resistance training regime in an effort to enhance 
skeletal muscle strength and hypertrophy, resulting in 
enhanced quality of life.”



Journal of the International Society or Sports Medicine: 

Kreider RB et al. International Society of Sports Nutrition position stand: Safety and Efficacy of Creatine Supplementation in Exercise, Sport, and Medicine
June 13, 2017 
https://jissn.biomedcentral.com/articles/10.1186/s12970-017-0173-z

“A growing collection of evidence supports that creatine supplementation may improve 
health status as individuals age.” “In this regard, creatine supplementation has been 
reported to:

• help lower cholesterol and triglyceride levels

• reduce fat accumulation in the liver

• reduce homocysteine levels

• serve as an antioxidant

• enhance glycemic control

• slow tumor growth in some types of cancers

• increase strength and/or muscle mass

• minimize bone loss

• improve functional capacity in patients with knee osteoarthritis and fibromyalgia;

• positively influence cognitive function

• and in some instances, serve as an anti-depressant.”

https://jissn.biomedcentral.com/articles/10.1186/s12970-017-0173-z


Aging, Lean Mass and Bone Density
• “Candow and others reported that low-dose creatine (0.1 g/kg/day) 

combined with protein supplementation (0.3 g/kg/day) increased 
lean tissue mass and upper body strength while decreasing markers 
of muscle protein degradation and “bone resorption” in older men 
(59–77 years). 

• Similarly, Chilibeck et al. reported that 12 months of creatine 
supplementation (0.1 g/kg/day) during resistance training increased 
strength and “preserved femoral neck bone mineral density” and 
“increased femoral shaft subperiosteal width in postmenopausal 
women.” 

• A recent meta-analysis of 357 elderly individuals (64 years) 
participating in an average of 12.6 weeks of resistance training 
found that participants supplementing their diet with creatine 
experienced greater gains in muscle mass, strength, and functional 
capacity. 



• These findings were corroborated in a meta-analysis of 405 
elderly participants (64 years) who experienced greater gains 
in muscle mass and upper body strength with creatine 
supplementation during resistance-training compared to 
training alone. 

• These findings suggest that creatine supplementation can 
help prevent sarcopenia and bone loss in older individuals.”



Prevention of Neurological Decline:

• Watanabe et al. reported that creatine supplementation (8 g/day for 5 days) 
reduced mental fatigue when subjects repeatedly performed a simple 
mathematical calculation and experienced increased brain oxygen utilization.

• Rae and colleagues reported that creatine supplementation (5 g/day for 6 
weeks) significantly improved working memory and intelligence tests 
requiring speed of processing. 

• McMorris and coworkers  found that creatine supplementation (20 g/day for 7 
days) after sleep deprivation demonstrated significantly less decrement in 
performance in random movement generation, choice reaction time, balance 
and mood state suggesting that creatine improves cognitive function in 
response to sleep deprivation.



• This research group also examined the effects of creatine 
supplementation (20 g/day for 7 days) on cognitive function in 
Elderly Participants and found that creatine supplementation 
significantly improved performance on random number 
generation, forward spatial recall, and long-term memory tasks. 

• Ling and associates reported that creatine supplementation 
(5 g/day for 15 days) improved cognition on some tasks. 



“Finally, a number of studies have shown that creatine 
supplementation can increase brain creatine content generally by 5 
– 15%. 

Moreover, creatine supplementation can reduce mental fatigue 
and/or improve cognitive function.”

Reference: Journal of the International Society or Sports Medicine: 
Kreider RB et al. International Society of Sports Nutrition position stand: Safety and Efficacy of Creatine Supplementation in Exercise, Sport, and 
Medicine
June 13, 2017 
https://jissn.biomedcentral.com/articles/10.1186/s12970-017-0173-z

https://jissn.biomedcentral.com/articles/10.1186/s12970-017-0173-z


• The last 20 years has provided evidence that the creatine
synthetic pathway (AGAT and GAMT enzymes) is expressed 
in the brain together with the creatine transporter 
(SLC6A8).

• Thus, the brain makes some creatine, but also requires 
exogenous creatine, which is transported into brain via 
creatine transporter (SLC6A8)

Reference: https://link.springer.com/article/10.1007/s00726-016-2189-0

https://link.springer.com/article/10.1007/s00726-016-2189-0


Muscle Strength and Function in Older Subjects

• Creatine supplementation provided to active subjects over 70 years of age, and 
subjects 59-72 years of age, have resulted in significant gains in several indices of 
muscle performance including, increased maximal dynamic and isometric 
strength, lower body mean power, lower extremity functional capacity, increased 
fat-free mass, increased lean mass and endurance power.  

• These studies suggest that creatine supplementation may help to forestall or 
reverse muscular atrophy and progressive weakness that occurs during aging, and 
that creatine may be useful as an intervention to improve the ability of certain 
elderly individuals to perform functional living tasks, decreasing dependency and 
enhancing their quality of life. (19,20)

• Other studies have noted that younger individuals respond to creatine 
supplementation more efficiently than do older subjects in that muscular 
phosphocreatine stores were shown to increase on average by 35% in young 
subjects (~24 years of age) and 7% in older subjects (~ 70 years of age) after five 
days of creatine supplementation (20 gms per day).  As such, it may take a longer 
period to maximize creatine stores in older subjects on creatine supplementation. 
(21)
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Creatine Summary Review 2019 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6518405/

“Accumulating evidence (meta-analyses, randomized 
controlled trials) suggests that creatine supplementation has 
the potential to increase aging muscle mass and muscle 
strength, reduce the risk of falls and perhaps attenuate the 
loss of bone mineral. 

Preliminary evidence also indicates that creatine may have 
anti-inflammatory properties. ”

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6518405/


Neuroprotective Effects of Creatine

• It has been known for a long time that creatine supplementation 
possesses neuroprotective benefits. For this reason, a number of 
studies have examined the effects of creatine supplementation on 
taumatic brain injury (TBI), cerebral ischemia, and SCI (spinal cord 
injury)

• For example, Sullivan et al. examined the effects of 5 days of creatine 
administration prior to a controlled TBI in rats and mice. The 
researchers found that creatine monohydrate ameliorated the extent 
of cortical damage by 36 to 50%. 



• The protection appeared to be related to creatine-induced 
maintenance of neuronal mitochondrial bioenergetics. 
Therefore, the researchers concluded that creatine 
supplementation may be useful as a neuroprotective agent 
against acute and chronic neurodegenerative processes. 

• In a similar study, Haussmann and associates investigated the 
effects of rats fed creatine (5 g/100 g dry food) before and after a 
moderate SCI. The researchers reported that creatine ingestion 
improved locomotor function tests and reduced the size of scar 
tissue after the SCI. 



• The authors suggested that “pretreatment” of patients with 
creatine may provide neuroprotection in patients undergoing 
spinal surgery who are at risk to SCI. 

• Similarly, Prass and colleagues reported findings that creatine 
administration reduced brain infarct size following an ischemic 
event by 40%.

• These findings provide strong evidence that creatine 
supplementation “may limit damage from concussions, TBI, 
and/or SCI.”



• Creatine-mediated neuroprotection is in part mediated by the 
maintenance of cellular ATP levels and improvements in 
mitochondrial bioenergetics; including increased mitochondrial 
membrane potential and reductions in mitochondrial permeability, 
reactive oxygen species, and calcium levels.

• In humans, studies utilizing nuclear magnetic spectroscopy have 
demonstrated that creatine supplementation increases cerebral 
creatine and phosphocreatine stores.

• Several studies have suggested that creatine supplementation may 
also reduce oxidative DNA damage and brain glutamate levels in 
Huntington disease patients.



• Reference: Journal of the International Society or Sports Medicine: 
Kreider RB et al. International Society of Sports Nutrition position 
stand: Safety and Efficacy of Creatine Supplementation in Exercise, 
Sport, and Medicine
June 13, 2017 

https://jissn.biomedcentral.com/articles/10.1186/s12970-017-0173-z

https://jissn.biomedcentral.com/articles/10.1186/s12970-017-0173-z


Pediatric Traumatic Brain Injury and Creatine:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6094347/

• Preliminary results obtained in a pediatric population have suggested that post-
traumatic oral creatine administration (0.4 g/kg) given within four hours of traumatic 
brain injury and then daily thereafter, may improve both acute and long-term 
outcomes. 

• Acutely, post-traumatic creatine administration seemed to reduce duration of post-
traumatic amnesia, length of time spent in the intensive care unit, and duration of 
intubation.

• At three and six months post-injury, subjects in the creatine treatment group 
demonstrated improvement on indices of self care, communication abilities, 
locomotion, sociability, personality or behavior and cognitive function when 
compared to untreated controls.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6094347/


• Further analysis of the same population, revealed that 
patients in the creatine-treatment group were less likely 
to experience headaches, dizziness and fatigue over six 
months of follow-up. 

•Creatine treatment appeared to be well tolerated and 
there were no significant side effects reported; which 
was consistent with other human studies utilizing higher 
dosages.



Journal of Neurochemisty 2010.
Synthesis and transport of creatine in the CNS: Importance of cerebral functions

https://onlinelibrary.wiley.com/doi/epdf/10.1111/j.1471-4159.2010.06935.x

• The Cr/PCr/CK system plays essential roles to maintain the high energy levels 
necessary for CNS (maintenance of membrane potential and ions gradients, 
Ca2+ homeostasis, neurotransmission, intracellular signaling systems as well as 
axonal and dendritic transport) (Wyss and Kaddurah-Daouk2000). 

• The Cr/PCr/CK system also plays essential roles in CNS development

• Cr Deficiency Syndromes, whose patients show severe neurodevelopmental 
delay and develop in early infancy, mental retardation, disturbance of active 
and comprehensible speech, autism, automutilating behavior and hypotonia 
(Stockler et al. 1996b; Schulze et al. 1997; Battini et al. 2002; de Grauw et al. 
2002

https://onlinelibrary.wiley.com/doi/epdf/10.1111/j.1471-4159.2010.06935.x


• Troubles in CNS energy metabolism due to mitochondrial 
dysfunction, either from oxidative stress, mitochondrial DNA 
deletions, pathological mutations or altered mitochondria 
morphology, play critical roles in the progression of neurological 
diseases as a primary or secondary mechanism in neuronal death 
cascade (Beal 2000; Chaturvedi and Beal 2008). 

• The cellular energy state plays key roles in regulating and initiating 
necrosis and apoptosis in brain cells, as mitochondria are known as 
essential in controlling specific apoptotic pathways (Green and 
Reed 1998) 



• The dominant role of mitochondria is to supply and regulate energy, in 
the form of ATP, for the cell. In addition, mitochondria are involved in a 
range of other processes, such as cellular growth and differentiation, 
and cell cycle control (McBride et al. 2006). 

• Their dysregulation can lead to alterations in Ca2+ homeostasis, 
production of reactive oxygen species (ROS) and cell death (apoptosis) 
(Steeghset al. 1997; Green and Reed 1998; McBride et al. 2006).

• Mitochondria can release several pro-apoptotic proteins into cytosol 
which in turn can induce cell death (Primeau et al.2002). This release 
is under control of ROS, allowing formation of mitochondrial 
permeability transition pores (mPTP), a continuum between inner and 
outer mitochondrial membranes (Adhihetty and Beal 2008)



The mechanisms of neuroprotection by Cr differ depending on the brain 
pathology, but several studies have shown that Cr supplementation can 
improve the bioenergetic deficit associated with these disorders: 

1. Huntington’s disease

2. Animal Models of ALS successful

3. Parkinson’s disease – protects animals against dopamine depletion and 
some success in Phase II trials with PD patients

4. Stroke - stroke generates a significant decrease in CNS total Cr pools. 
Several studies have investigated the potential neuroprotective effects of Cr 
supplementation to protect CNS against stroke deleterious mechanisms. 
Moreover, Cr supplementation exerts neuroprotective effects against 
cerebral ischemia in mice, by inhibiting mitochondrial cytochrome c release 
and downstream caspase 3 activation (Zhu et al. 2004), which causes nerve 
cell death (apoptosis)



Neuromuscular Diseases (Human Studies)

• Creatine supplementation in humans has been reported to enhance power 
and strength both in normal subjects and in patients with various 
Neuromuscular Diseases. (14,34,35)

• Clinical studies in patients with ALS (amyotrophic lateral sclerosis) (14), 
Huntington’s disease, Parkinson’s disease, Duchenne muscular dystrophy, 
McArdles disease (15), and myasthenia gravis (16) have shown that 
creatine supplementation can produce an increase in strength and thus, 
provide symptomatic treatment and improved quality of life for many of 
these patients. (14,15,16,39,40)
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MSK Rehabilitation
• Creatine supplementation has been used to prevent muscle atrophy rates as 

a result of limb immobilization and/or during rehabilitation. 

• Hespel and coworkers examined the effects of creatine supplementation 
(20 g/day down to 5 g/day) on atrophy rates and rehabilitation outcomes in 
individuals who had their right leg casted for 2 weeks. During the 10-week 
rehabilitation phase, participants performed three sessions a week of knee 
extension rehabilitation. The researchers reported that individuals in the 
creatine group experienced greater changes in the cross-sectional area of 
muscle fiber (+10%) and peak strength (+25%) during the rehabilitation 
period. 

• Epigenetic Effects: These changes were associated with greater changes in 
“myogenic regulating factor 4 (MRF4)” and “myogenic protein expression.”



• Another study reported that creatine supplementation offset the 
decline in muscle GLUT4 protein content that occurs during 
immobilization and increased GLUT4 protein content during 
subsequent rehabilitation training in healthy subjects. 

• “Collectively, these findings suggest that creatine supplementation 
lessened the amount of muscle atrophy and detrimental effects on 
muscle associated with immobilization while promoting greater 
gains in strength during rehabilitation”.

Reference:
Journal of the International Society or Sports Medicine: 
Kreider RB et al. International Society of Sports Nutrition position stand: Safety and Efficacy of Creatine Supplementation in Exercise, Sport, and Medicine
June 13, 2017 
https://jissn.biomedcentral.com/articles/10.1186/s12970-017-0173-z

https://jissn.biomedcentral.com/articles/10.1186/s12970-017-0173-z


Creatine Epigenetic Effects in Muscle Protein Synthesis
https://www.mdpi.com/2218-273X/9/9/496/htm

• An important role of creatine in muscular physiology is to favour the
differentiation of precursor cells into muscle cells, facilitating the
maintenance and recovery of muscle trophism.

• Creatine supplementation has been found capable to improve the symptoms
of several pathological conditions of the muscle, including muscular
dystrophies, mitochondrial cytopathies, inflammatory myopathies, etc.

https://www.mdpi.com/2218-273X/9/9/496/htm


Musculoskeletal Rehabilitation Continued

• Creatine was shown to speed recovery of muscular power in a double-blind, placebo-
controlled study involving 20 male and female students whose right legs were 
immobilized in casts for a period of two weeks. 

• Those given creatine supplementation during and after leg immobilization 
displayed more muscular power and greater muscle size after three to ten weeks of 
physical rehabilitation than did subjects who took the placebo. (18)

• Finally, this study also suggested that the anabolic strength and size gains associated 
with creatine supplementation were likely due to increased activity of myogenic 
transcription factors. Previously, rat studies have shown that creatine intake affected 
myogenic transcription factors, but the study by Hespel (2001) was the first to 
suggest that same effect occurs in humans.

Reference

• Hespel P et al. Oral creatine supplementation facilitates the rehabilitation of disuse atrophy and alters the expression of 
muscle myogenic factors in humans. The Journal of Physiology. Vol 536, (2): 625–633. October 2001)

http://onlinelibrary.wiley.com/doi/10.1111/tjp.2001.536.issue-2/issuetoc


Type 2 Diabetics

• Gualano and associates supplemented patients with type II diabetes 
with a placebo or creatine (5 g/day) for 12 weeks during training.

• Creatine supplementation significantly decreased HbA1c and glycemic 
response to standardized meal as well as increased GLUT-4 
translocation. 

• These findings suggest that creatine supplementation combined with an 
exercise program improves glycemic control and glucose disposal in type 
2 diabetic patients.

Reference:

Journal of the International Society or Sports Medicine: 
Kreider RB et al. International Society of Sports Nutrition position stand: Safety and Efficacy of Creatine Supplementation in Exercise, Sport, and Medicine
June 13, 2017 
https://jissn.biomedcentral.com/articles/10.1186/s12970-017-0173-z

https://jissn.biomedcentral.com/articles/10.1186/s12970-017-0173-z


Glut 4 Transporter: Enables Glucose Uptake On Muscle 
and Fat Cells = Comprising 2/3 of all Body Cells
(Insulin Dependent) 



Ischemic Heart Disease
• Creatine and phosphocreatine play an important role in maintaining myocardial 

bioenergetics during ischemic events. For this reason, there has been interest in 
assessing the role of creatine or phosphocreatine in reducing arrhythmias and/or 
improving heart function during ischemia

• In a recent review, Balestrino and colleagues concluded that phosphocreatine 
administration, primarily as an addition to cardioplegic solutions, has been used to 
treat myocardial ischemia and prevent ischemia-induced arrhythmia and improve 
cardiac function with some success.

• They suggested that creatine supplementation may protect the heart during an 
ischemic event. Thus, prophylactic creatine supplementation may be beneficial for 
patients at risk for myocardial ischemia and/or stroke.

Reference:

Journal of the International Society or Sports Medicine: 
Kreider RB et al. International Society of Sports Nutrition position stand: Safety and Efficacy of Creatine Supplementation in Exercise, Sport, and Medicine
June 13, 2017 
https://jissn.biomedcentral.com/articles/10.1186/s12970-017-0173-z

https://jissn.biomedcentral.com/articles/10.1186/s12970-017-0173-z


Heart Failure

• Creatine supplementation has been shown to Improve Exercise Capacity in 
patients with Heart Failure in some studies. 

• Along with Coenzyme Q10, hawthorn extract and L-carnitine, creatine is 
one of few natural health products that has been shown to reverse certain 
parameters of heart failure. (36,37)

• As reported by K. Witte, et al, there is evidence for a possible role for 
micronutrient deficiency in heart failure, of which creatine may be one of the 
principal factors. (10,11,17)
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Statins Inhibit Creatine Synthesis
https://www.mdpi.com/2218-273X/9/9/496/htm

• There is evidence that statins administration reduces creatine synthesis.

• In liver cells, atorvastatin decreases the expression of GAMT (the enzyme that 
catalyzes the second and final reaction in the synthesis of creatine), leading to 
reduced intracellular content of creatine. 

• Moreover, a polymorphism of the enzyme glycine amidinotransferase (GATM or 
AGAT, the enzyme that catalyzes the first step in the synthesis of creatine) is 
associated with a reduced incidence of statin myopathy. 

• Based on the latter finding, it has been suggested that GATM (also known as AGAT) 
represents a critical mechanism for the genesis of statin myopathy. 

• Also note that supplementation with CoQ10 and Vitamin E have helped to reduce 
statin-induced myopathy.

https://www.mdpi.com/2218-273X/9/9/496/htm


Creatine Use, Safety And Recommendations from the Expert Panel
Journal International Society of Sports Nutrition (2017)
https://jissn.biomedcentral.com/articles/10.1186/s12970-017-0173-z

• Creatine is not banned by any sport organization although some organizations 
prohibit provision of some types of dietary supplements to athletes by their teams. 
In these instances, athletes can purchase and use creatine on their own without 
penalty or violation of their banned substance restrictions. 

• Americans consume over four million kilograms (kg) a year of creatine with 
worldwide use much higher. The reported prevalence of creatine use among athletes 
and military personnel in survey-based studies has generally been reported to be 
about 15–40%, with use more common in male strength/power athletes. 

• High school athletes have been reported to have similar prevalence of use of 
creatine. In 2014, the NCAA reported that creatine was among the most popular 
dietary supplements taken by their male athletes (e.g., baseball - 28.1%, basketball -
14.6%, football - 27.5%, golf - 13.0%, ice hockey - 29.4%, lacrosse - 25.3%, soccer 
11.1%, swimming - 19.2%, tennis - 12.9%, track and field - 16.1%, wrestling - 28.5%) 
while female athletes reported a use rate of only 0.2 to 3.8% in various sports. 

https://jissn.biomedcentral.com/articles/10.1186/s12970-017-0173-z


Safety

• Since creatine monohydrate became a popular dietary supplement in the early 
1990s, over 1,000 studies have been conducted and billions of servings of 
creatine have been ingested. The only consistently reported side effect from 
creatine supplementation that has been described in the literature has been 
weight gain. 

• Available short and long-term studies in healthy and diseased populations, 
from infants to the elderly, at dosages ranging from 0.3 to 0.8 g/kg/day for 
up to 5 years have consistently shown that creatine supplementation poses 
no adverse health risks and may provide a number of health and 
performance benefits.

• Additionally, assessments of adverse event reports related to dietary 
supplementation, including in pediatric populations, have revealed that 
creatine was rarely mentioned and was not associated with any significant 
number or any consistent pattern of adverse events.



• Unsubstantiated anecdotal claims described in the popular media as well as 
rare case reports described in the literature without rigorous, systematic 
causality assessments have been refuted in numerous well-controlled clinical 
studies showing that creatine supplementation does not increase the 
incidence of musculoskeletal injuries, dehydration, muscle cramping, or 
gastrointestinal upset. Nor has the literature provided any support that 
creatine promotes renal dysfunction or has long-term detrimental effects

• Rather, as noted above, creatine monohydrate supplementation has been 
found to reduce the incidence of many of these anecdotally reported side 
effects.



• Gualono and associates reported that 12 weeks of creatine supplementation had 
no effects on kidney function in type 2 diabetic patients. 

• Finally, creatine supplement has been used as a means of reducing homocysteine 
levels and/or improving patient outcomes in patients with renal disease as well as 
ameliorating birth asphyxia related renal dysfunction in mice. 

• Moreover, long-term, high dose ingestion of creatine (up to 30 g/d for up to 5 
years) in patient populations has not been associated with an increased incidence 
of renal dysfunction. 

• While some have suggested that individuals with pre-existing renal disease consult 
with their physician prior to creatine supplementation in an abundance of caution, 
these studies and others have led researchers to conclude that there is no 
compelling evidence that creatine supplementation negatively affects renal function 
in healthy or clinical populations.



• Studies provide no evidence that use of creatine at recommended doses 
pose a health risk to individuals less than 18 years of age. 

• Creatine supplementation may, however, improve training adaptations and/or 
reduce risk to injury, including in younger athletes.

• For this reason, it is our view that creatine supplementation is an acceptable 
nutritional strategy for younger athletes who: a.) are involved in 
serious/competitive supervised training; b.) are consuming a well-balanced 
and performance enhancing diet; c.) are knowledgeable about appropriate 
use of creatine; and d.) do not exceed recommended dosages.

Personal Note: I would monitor kidney function in any high-risk patients.



• The number of potential medical uses of creatine supplementation 
that can improve health and well-being as one ages and/or may 
provide therapeutic benefit in clinical populations ranging from 
infants to senior adults has continued to grow without identifying 
significant risks or adverse events even in these diseased or 
compromised special populations. 

• It is no wonder that Wallimann and colleagues recommended that 
individuals should consume “3 g/day of creatine throughout the 
lifespan” to promote general health.



Athletic Ergogenic Supplements and Other Nutrients:

1. Creatine Monohydrate : Overview
• Increases m. CP by 10-40% at a dosage of 20-25 gm per day, 

taken in divided (5 gm) doses for 5-7 days, followed by a 
maintenance dosage of 10 gm per day (5 gm twice daily).

• Often cycled, 1 month on, one month off 

• Produces significant gains in explosive strength, absolute 
strength, repeated max sprints and lean mass gains (80% studies 
positive)



Physiological Considerations

• It is now widely accepted that creatine supplementation can increase muscle 
strength and mass. (1,2,3,4) 

• Creatine is an amino acid that is stored in muscle in the form of creatine 
phosphate.  During explosive or intensive exercise, creatine phosphate is 
broken down by a specific enzyme to yield creatine, plus phosphate, plus free 
energy.  

• The free energy released from the breakdown of creatine phosphate is used 
to regenerate ATP, which is the fuel that powers muscle contraction. (2)



• A number of studies have demonstrated that short-term creatine supplementation 
increases creatine phosphate stores in skeletal muscle by 10% to 40% (3). 

• In combination with proper training, creatine supplementation leads to an increase 
in muscle mass, which is thought to occur from increased protein synthesis, as the 
muscle lays down an increased number of contractile myofibrils (protein bands that 
contract and generate force

• Increased muscular fluid retention may also participate in muscle volume gains 
with creatine use. (5,6,7)  

• Creatine has also been shown to provide antioxidant properties.  This may be of 
some significance as free radicals generated from exercise can affect muscle fatigue 
and protein turnover. (24)



• Creatine supplementation allows athletes to train harder (due to increased 
available energy for muscle concentration), which promotes strength gains, 
and increases muscle size due to hypertrophy (larger muscle fiber size). (2,3)

• The established protocol for creatine supplementation used by athletes 
involves a loading dosage of 20 to 25 grams per day for the first 5 to 7 days.  
Typically, an athlete will mix a heaping teaspoon of creatine monohydrate 
crystals into a glass of juice to obtain about 5 grams of creatine. 

• During the loading phase, the athlete does this on 4 or 5 occasions 
throughout the day to achieve an intake of 20-25 grams.  After the loading 
phase is completed, the maintenance daily dosage is usually 5 to 10 grams 
per day.  Recent reports suggest that taking creatine with glucose (a simple 
carbohydrate) may increase the amount of creatine absorbed by the muscles. 
As such, some manufacturers combine creatine with carbohydrates in a 
premix product to help improve creatine delivery to muscles (25).



Clinical Applications For Athletes 

I.  Increased Strength and Performance In Athletes

• Several studies have shown that creatine supplementation improves 
performance in repeated bouts of high intensity strength work and 
repeated sprints, which are primary determinants and requirements for 
many sports. (8,9,10,11,12,13,14,16,17,18) 

• In short, substantial evidence suggests that creatine supplementation can 
increase lean body mass, muscular strength, and sprint power. (24)

• Significant gains in strength and lean mass often occur in the first 6 weeks of 
creatine supplementation, when combined with proper training and diet.  In 
one study, college football players who took creatine supplements for 28 
days during resistance and agility training had significant gains in lean mass 
when compared to players who took the placebo. (15)



• Individuals may vary in their response to creatine supplementation, 
but it is not uncommon to see a 5 to 10 lb. increase in body weight 
within the first six weeks.

• Approximately 80% of creatine studies have reported a 
performance-enhancing effect. This is quite impressive when you 
consider the fact that creatine is not structurally or functionally 
related to anabolic steroids, and creatine supplements are not 
banned by the International Olympic Committee or the National 
Collegiate Athletic Association.

• Creatine use is based on the same principle as carbohydrate 
loading, in that an athlete is manipulating their dietary intake to 
optimize muscle creatine phosphate stores for more explosive 
power and enhanced performance.



• Athletes requiring repeated bouts of explosive power may also benefit 
from creatine supplementation as demonstrated by M. Izquierdo, et al. 

• Among other positive benefits revealed in their study of nineteen 
trained athletes, they showed that short-term creatine 
supplementation (20 gms per day for 5 days) enhanced repeated sprint 
performance and attenuated decline in jumping ability after 
repetitive high-power-output exercise bouts. (22) 

• Similar results have been documented by G. Cottrell, et al, in subjects 
performing repeated sprint cycling. (23)  These studies have important 
implications for many sports such as hockey, basketball, soccer, 
volleyball, lacrosse, football, tennis and any sport requiring repeated 
bouts of all-out lower extremity explosive power and/or jumps.
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Variations of Creatine Supplementation:

1. 20 gm  per day for 6 days, followed by 2 gm per day to maintain elevated 
muscle creatine for 28 days

2. “Or 3 gm creatine supplementation for 28 days provides equal benefit 
of muscle creatine levels”

Creatine not shown to improve aerobic performance and little effect on 
isometric muscular strength or a brief single movement like a golf swing.

Older subjects (70 yrs old) have seen greater lean mass gains, leg strength, 
muscular endurance and average power on the legs during resistance 
training compared to those doing resistance training without creatine.



Don’t Drink Caffeine within 60-90 Minutes of Creatine Ingestion

Caffeine diminishes the ergogenic effect of creatine 
supplementation. Creatine with our without caffeine shown to 
increase intramuscular PC by 4-6% after 6 days of supplementation. 
Dynamic torque production also increased by 10-23% with creatine-
only treatment compared to placebo. Consuming caffeine totally 
negated creatine’s ergogenic effect. 

Caffeine may prevent skeletal muscle from retaining the creatine it 
takes in from the bloodstream, losing the ergogenic effect. It is 
recommended that athletes using creatine should refrain from 
ingesting any caffeine for several days before competition.



Various Mechanisms have been proposed, but no one is sure why caffeine negates 
some creatine strength benefits
https://www.strongerbyscience.com/creatine/

https://www.strongerbyscience.com/creatine/


L-Glutamine

• Glutamine is a non–essential amino acid in that the body can synthesize it 
from glutamic acid via glutamine synthase enzyme.

• However, during periods of fasting, starvation, critical illness, cancer, AIDS 
and following trauma, radiation treatment, surgery, bone marrow 
transplantation or in patients with a weakened immune system or 
undergoing catabolic stress (burn victim), extra glutamine replenishment has 
been shown to be beneficial to help re-establish homeostasis. 

• Glutamine is the main anti-catabolic agent in muscle, which helps preserve 
muscle tissue (preventing its breakdown).  The heavier one trains, the greater 
the stress on the muscle and the greater the use of glutamine.  As such, 
some athletes use glutamine as an anti-catabolic supplement to reduce the 
amount of muscle catabolism that occurs during a workout.  



• During and following exercise or trauma, large amounts of alanine 
and glutamine are released from muscle.  The loss of alanine and 
glutamine induced by exercise is above the amounts available and 
represents more than 50% of the total loss of muscle amino acids.  
Thus, other amino acids (branched-chain amino acids) are used to 
make alanine and glutamine under these conditions, which then 
results in catabolism of muscle protein.  

• Support for the use of glutamine supplementation is derived from 
studies that show that it can be used to maintain muscle mass in 
catabolic patients (e.g., burn victims).  

• It is known that intense exercise lowers blood levels of glutamine, 
which can remain persistently low with over training.  



Glutamine & Alanine in Gluconeogenesis During Muscle Catabolism (Exercise, Stress, 
Burns, Disease States)
https://www.researchgate.net/figure/The-alanine-glucose-cycle-This-cycle-illustrates-the-tissue-specific-utilization-of-some_fig14_230878440

https://www.researchgate.net/figure/The-alanine-glucose-cycle-This-cycle-illustrates-the-tissue-specific-utilization-of-some_fig14_230878440


• It should also be noted that glutamine is the primary energy source for 
Intestinal epithelial cells and is a vital nutrient for Immune cells. 

• Glutamine supplementation in endurance athletes has been shown to 
reduce the incidence of infections in this population, who are known to 
have their immune system suppressed by excess training of this nature.  

• A double-blind placebo-controlled study showed that glutamine 
supplementation at a dose of 5 gm, taken after the end of exercise, in 151 
endurance athletes resulted in a significantly lower incidence of infections 
(19%) compared to the placebo group (51%) during the study period. 

•
It has been suggested that the immune system suppression associated with 
endurance exercise, may be in part, due to reduction in glutamine that 
results from intensive training. Another study, using the same protocol, 
demonstrated that 81% of athletes taking glutamine had no subsequent 
infection during the study period compared to 49% in the placebo group. 



•Glutamine supplementation (5gm taken at end of 
each work out) reduced incidence of URT infections 
in athletes to 19% vs  51% (non supplement users) 
during study period (primary fuel for immune cells)

•GH Secretagogue: Glutamine supplementation 
(2,000-4,000 mg per day) shown to increase GH and 
IGF-I levels after age 35-40. 



• For those who wish to use glutamine, experts suggest that 
it is generally regarded as a safe supplement at doses up to 
2 gm per day.

• Glutamine may trigger epileptic seizures in epileptics, and 
there are two case reports linking glutamine 
supplementation (more than 2 gm per day) to episodes of 
mania, in patients with no previous history of bipolar 
disorder.

Reference: Glutamine: http://www.dynamicchiropractic.com/mpacms/dc/article.php?id=52041

http://www.dynamicchiropractic.com/mpacms/dc/article.php?id=52041


Glutamine Anti-Catabolic Effects

• Glutamine can also serve as precursor to glucose synthesis in the liver, and if 
available in high concentrations, has been shown to reduce the reliance upon 
alanine formation.  

• Hence, increased ingestion of glutamine or increased glutamine stores can reduce 
the catabolic effect on the structural amino acids in muscles (leucine, isoleucine 
and valine). These three amino acids comprise 30% of all the structural amino 
acids in skeletal muscle.  

• For this reason, glutamine supplementation has been shown to be anti-catabolic 
in patients experiencing catabolic conditions (burn victims, post-surgery, possibly 
intensive exercise etc. – see glutamine).  

• In the body, glutamine constitutes the largest single component of the free amino 
acid pool.  Glutamine is the amino acid that is found in highest concentrations in 
the blood, and it also serves as a free amino acid in peripheral tissues, including 
muscle.  Although it contains two amide groups, it is very non-toxic.  In fact, one 
of its roles is to shuttle amide groups to the liver from peripheral tissues, which 
are in turn converted to urea and discarded by the body. 



• In review, glutamine formed in peripheral tissues can travel to the liver.  
After discarding the amide groups to form urea, the carbon skeleton 
can be used to form glucose if the body is in a low energy state. This 
occurs as glutamine is first converted to alpha –ketoglutarate 
(deamination of NH2 and NH3 groups use to form urea).  

• From there, alpha- ketoglutarate is converted to oxaloacetate, then to 
phosphoenolpyrvate, which can back peddle to glucose. 

• Dietary and supplemental glutamine can also serve as source of 
glucose in the liver, sparing the catabolism of branched-chain amino 
acids in skeletal muscle, by reducing the demand for alanine as a 
glucose precursor.  This is one way in which, glutamine 
supplementation has been shown to be anti-catabolic.  



Glutamine Cycling to Prevent Ammonia Build-Up

• The deamination of amino acid releases ammonia (NH3, NH4), which is a 
highly toxic compound to the human body.  To guard against ammonia 
toxicity the body attaches these amide (NH2 and NH3) groups to glutamate 
in peripheral tissues to form glutamine.  In this form, these amide groups 
are non-toxic.  

• Once glutamine travels to the liver from these peripheral tissues, including 
muscle tissue, the amide groups are extracted forming urea, and the 
carbon skeleton can be used to make glucose if the body is in a low energy 
state. 

• Thus, one of the endogenous sources of glutamine is the transfer of amide 
groups to glutamate (to form glutamine), which occurs in the deamination 
(catabolism) of various amino acids during catabolic states (including 
exercise)



Glutamine & Alanine in Gluconeogenesis During Muscle Catabolism (Exercise, Stress, 
Burns, Disease States)
https://www.researchgate.net/figure/The-alanine-glucose-cycle-This-cycle-illustrates-the-tissue-specific-utilization-of-some_fig14_230878440
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Glutamine Stimulates Growth Hormone Release

Glutamine supplementation has also been shown to Stimulate the Release of 
Growth Hormone from the Pituitary gGand, which in turn stimulates the 
release of insulin-like growth factor-I (IGF-I) from the liver.  This hormone (IGF-
I) is known to stimulate anabolic processes, including protein synthesis 
within skeletal muscle.  

• Thus, in older patients, who exhibit lower circulating levels of growth 
hormone and IGF-I, glutamine supplementation can act to preserve or 
increase lean mass, in conjunction with adequate protein intake and 
resisted exercise training, by raising serum levels of IGF-I as much as 30%.  

• As such, 2,000 to 4,000 mg of glutamine supplementation (usually in 
conjunction with other amino acids that act as growth hormone releasing 
factors, or secretagogue), may spare the breakdown of branched-chain 
and other structural muscle amino acids, and stimulate the further 
synthesis of myofilaments (muscle protein contractile bands), within the 
muscle, helping to preserve and increase lean mass.  
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Growth Hormone Secretagogue

Growth Hormone Secretagogue supplements are generally a mixture of specific 
amino acids taken orally, at specific dosages, which stimulate the pituitary gland 
to release more Growth Hormone than is customary during the sleep. In turn, 
Growth Hormone travels to the liver, where it upregulates the release of IGF-1, 
which has important anabolic effects on muscle, bone and enhances immune 
function.

Arginine and Ornithine: (Effects on IGF-1)

• Like glutamine, glycine, alpha-ketoglutarate and lysine, these two amino acids 
taken at 500 mg each, twice daily, five times per week, increase the release of 
GH. 

• In athletes it produced the following effects in five weeks:



Arginine and Ornithine continued:

• 1.Decreased body fat

• 2. Increased strength gains

• 3. Increased lean mass

• 4. Reduced muscle catabolism
This study included a control group, who also performed weight training, but took 
a placebo instead of arginine and ornithine

• Many anti-aging Drs. suggest that a blood level of Insulin-like Growth Factor-I of 
~ 350-375 ng/ml is ideal. Growth Hormone secretagogues can only raise IGF-I 
levels to a max. of 250-275 ng/ml, which is the normal level for a 25-30 year-
old person, and is quite adequate to enable a 30 yr old plus athlete to enhance 
anabolic lean mass gains and appears to be safer in terms of cancer risk.



Growth Hormone And IGF-1 Cascade



Age-Related GH Decline





IGF-1 Levels Decline in Aging



IGF-1 Decline in Aging - By Age 45-50 is Significant



Exercise Increases IGF-1 Levels



Age-Related Strength Gain Potential



L-Arginine Effects On Performance:

1. Increased IGF-1

2. As precursor to Nitric Oxide – increases blood flow to muscles via Vasodilation – studies 
show positive effects on endurance performance, and good results shown in patients 
with cardiovascular issues (congestive heart failure, healed myocardial infarction, and 
pulmonary hypertension, and possibly erectile dysfunction)

3. Increased Creatine synthesis in body. Arginine, glycine, and methionine are the three 
amino acids involved in the synthesis of creatine.

Daily food ingestion of Arginine is approx. 3.5-5.0 gm/day

Supplementation Studies Have Used Dosages between 2-9 gm per day 
reference: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2129157

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2129157


Potential Side Effects of Arginine Supplementation:

• Arginine may aggravate herpetic viruses

• Arginine has mild anti-coagulant effect. This has been shown to be a 
positive effect in patients with hypercholesterolemia, by improving 
blood flow to coronary and other vessels (improved endothelial 
function)

• Reference: http://www.ncbi.nlm.nih.gov/pubmed/9060881

http://www.ncbi.nlm.nih.gov/pubmed/9060881


Supplement I Take: Adeeva Creatine Plus

Ingredients: (White, Tasteless Powder)
Each serving (1 tsp) contains the following:

1. Micronized Creatine Monohydrate – 5 
grams

2. L-Glutamine – 0.5 grams
3. L-Arginine – 0.5 grams
4. L-Ornithine – 0.5 grams

One serving (teaspoon) = 6.5 gms



Daily Dosage:

• Loading Phase For Athletes:  For the first 5-7 days, ingest two teaspoons in the 
morning, mixed into juice or shake mix, two teaspoons in the afternoon (mixed 
with juice or shake), and one additional teaspoon towards the end of the day 
(mixed into juice or shake mix). Shake should contain some carbohydrates

• Maintenance Phase For Athletes and Dosage for Individuals 45 Years and Older, 
and those with Health Conditions Where these Agents Shown to be Beneficial -
ingest one teaspoon, once or twice per day mixed into any juice or shake that 
contains some carbohydrates.

Note: 

I don’t’ recommend Loading Phase for Non-Athletes

I suggest taking one teaspoon 30-60 minutes before bedtime to get maximum 
effect on Growth Hormone and IGF-1 



Quick Review
Creatine:

• Anti-Aging – especially after age 45-50 (maintaining functional ability)

• Neurological Applications – concussion, memory, PD, HD, possibly ALS, ischemic stroke recovery

• CVD Applications - Ischemic Heart Disease, Heart Failure, Prevention of Myopathy in Statin Drug Use

• Type 2 Diabetes Management

• Musculoskeletal Rehabilitation (during immobilization and rehab exercise phase)

• Sports Performance – Explosive Power, Sprints, Repeated Sprints, Lean Mass Gains (but not primarily 
aerobic athletes)

L-Glutamine:

• Anti-Aging - Anti-Catabolic during training and GH Support for older subjects)

• Immune Support

• Intestinal Health

• Athletes – Enhanced Anabolic gains with strength training

Ornithine and Arginine:

• Anti-Aging - Anti-Catabolic during training and GH Support for older subjects)

• Endogenous Creatine Synthesis (Arginine) 

• Nitric Oxide Synthesis (endurance performance and endothelial function) – Arginine

• Athletes – Enhanced Anabolic gains with strength training



One More Great Creatine Reference
Life Extension Foundation

https://www.lifeextension.com/magazine/2014/7/creatine-reduces-markers-of-aging#:~:text=Issue%3A%20Jul%202014-
,Creatine%20Reduces%20Markers%20Of%20Aging,and%20combat%20age%2Drelated%20disease.&text=But%20emerging%
20research%20is%20showing,vital%20tissues%20throughout%20the%20body   



Dr. James Meschino
drjames@adeeva.com

mailto:drjames@adeeva.com


Next Steps 
If you are not an Adeeva Customer and would like to learn about ordering and dispensing 
Adeeva Supplements to your patients, or for your own personal use, as well as:

• Adeeva Monthly Specials (Special on Creatine Plus This Month)

• Wholesale/Retail Pricelist

• NEW AFFILIATE PROGRAM - How patients can order online and you receive credit and 
compensation for online purchases through Adeeva affiliate program

• In-office Adeeva Education Materials (free brochures and other resources)

• Dr. Meschino’s Webinars for your Patients on Nutritional Medicine.

• Dr. Meschino’s Weekly Lifestyle Medicine Update Video Newsletter – can forward to 
patients

• Dr. Meschino’s Health Lifestyle Booster – can forward to patients

Call or Email: Arlene Walker: arlene@adeeva.com

Phone: 866-262-1010

mailto:arlene@adeeva.com


You can learn more at:

www.adeevainfo.com – a website that supports health care practitioners

Also learn about how to become a Registered Nutritional Consultant 
Practitioner (RNCP/ROHP) sanctioned by the International Organization of 
Nutritional Consultants (www.ionc.org):  contact brad@gim-academy.com or 
call 647) 987-8506

Practitioners ordering Adeeva Products for their offices are now giving 20 
complementary subscriptions for select patients to access Our Digital 
Wellness Coaching Program: www.meschinowellness.net

mailto:info@adeeva.com
http://www.ionc.org/
mailto:brad@gim-academy.com
https://www.google.com/search?q=global+integrative+medicine+academy&rlz=1C1GCEV_enCA860CA860&oq=global&aqs=chrome.1.69i57j35i39j0i131i433i457j0i402l2j0i131i433j0i433j0i131i433.5919j0j15&sourceid=chrome&ie=UTF-8
http://www.meschinowellness.net/


CMCC CE Webinar:
Topic: Arthritis and Chiropractic: 
Imaging, Diagnosis, Nutrition

with

Dr John Taylor - Chiropractic Radiologist

Dr. James Meschino

Date: May 16, 2021

Time: 11 AM (EST) to 5:30 PM (EST) - 6-
hour CE program 

Cost: $200.00 - All proceeds donated to 
Dr. James Laws Student Award Fund

Here is the link to register and learn more: 
https://continuingeducationatcmcc.myabsorb.ca/#/instructor-led-
courses/df496898-b392-466b-bfa1-2faa60ece664

https://continuingeducationatcmcc.myabsorb.ca/#/instructor-led-courses/df496898-b392-466b-bfa1-2faa60ece664


Dr. James Meschino
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