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What is Carnitine?

 Naturally occurring substance found in most 
body cells 

 Derivative of lysine and methionine                                    
(+ iron, vitamins C, niacin, B6)

 Considered a water soluble vitamin (BT)

 Synthesized in the liver and kidneys
 0.16-0.48mg∙kg-1∙day-1 (reabsorb ~95% from kidney)

 Transported to and stored primarily in skeletal 
muscle, heart, brain, and neural tissue 
 Significantly higher content in skeletal muscle vs. plasma (40-100 

times higher)



What is Carnitine?

 Widely available in animal foods
 Meat, poultry, fish and dairy products
 100-300mg∙day-1

 May be decreased by high heat
 60-75% absorbed from food
 5-20% absorbed from oral supplements 
 Storage is dose dependent
 higher intake = higher tissue content

Conditionally essential nutrient



Common Forms of Carnitine

 L-carnitine (Intravenous and oral)

 Oldest form developed by Sigma-tau (ALL forms commercially 
developed by Sigma-tau from 1970-2005)

 Supports cardiovascular and renal health
 Intravenous Carnitor®

(prescription carnitine drug)

 Available for the treatment of primary and 
secondary L-carnitine deficiencies and as a 
nutritional supplement

 Supplemental doses typically equal to 500-3000 
mg∙day-1 (but often used at higher dosages in research studies)

 Variety of forms
 Base USP, Fumarate, Tartrate, Acetyl-L-Carnitine, Propionyl-

L-Carnitine (pending USA drug status through Sigma-tau 

Pharmaceuticals), AminoCarnitines®



Common Forms of Carnitine

 Acetyl-L-carnitine (ALCAR® is registered trademark of Sigma-tau 
Pharmaceuticals)

 L-carnitine + acetyl groups (may be used in the formation of 
ACH)

 Supports optimal nerve health (crosses blood brain barrier)

 Positive effects on cognitive function, mood, behavior, 
memory

 Propionyl-L-carnitine (prescription drug in 11 countries through Sigma-tau 
Pharmaceuticals)

 L-carnitine + propionate (may be used as an intermediate for 
energy metabolism, without additional oxygen expenditure)

 May be more specific for cardiac and skeletal muscle
 Superior to other forms of carnitine?

 Granted “drug” status through Sigma-tau Pharmaceuticals 
 Used for treatment of intermittent claudication



Common Forms of Carnitine

With any form, adverse side effects are rare (high dosages may result in nausea and diarrhea)  



New Product Development:                        
AminoCarnitines®

 Metabolic performance of L-carnitine is 
specifically related to precursors such  as 
glycine, arginine, taurine and lysine

 AminoCarnitines® are distinct molecules 
including a combination of L-carnitine along 
with a specific amino acid (ex. GPLC = 76% 
PLC)
 Molecularly bonded; not simply a mixture of two 

nutrients

 With dissociation in intestinal tract, the amino 
acid becomes available immediately alongside 
the L-carnitine



1. Enhanced Circulation

 May improve blood flow to active tissue
 Skeletal muscle, heart

 May be nitric oxide mediated

2. Enhanced Energy Metabolism

 May improve fatty acid and carbohydrate 
metabolism in mitochondria
 Improved physical performance; body fat loss?

 Conversion of keto-acid analogues of the BCAAs

3. Antioxidant Properties

 May reduce the potentially harmful effects of 
reactive oxygen species (ROS)

Potential Benefits of Carnitine 
Supplementation



Applications for Carnitine 
Supplementation
Who can potentially benefit?

1. Enhanced Circulation
 Individuals with cardiovascular challenges
 Individuals involved in aerobic exercise events
 Individuals involved in events leading to acute muscle 

injury

2. Enhanced Energy Metabolism
 Individuals involved in aerobic exercise events

 Long duration, moderate to high intensity exercise

 Individuals attempting to decrease body fat?

3. Antioxidant Properties
 Individuals looking to improve overall health by 

minimizing the potentially damaging effects of ROS



Scientific Data
Clinical Overview

 Minimize negative age related changes in mitochondrial 
function

 Decrease symptoms associated with myocardial ischemia
 Angina

 Decrease myocardial injury due to ischemia reperfusion 

 Reduce the degree of physical deconditioning following 
MI/CABG/PTCI

 Favorably alter blood lipids (hyperlipidemic patients)
 Decrease total, LDL-C, TAGS; increase HDL-C

 Improve blood flow during exercise (mainly diseased)
 Increase walking speed and exercise time to fatigue 
 Increase VO2peak and lower limb muscle strength 

 Decrease fat mass and maintain lean body mass
 Decrease fatigue (both physical and mental)

Several other isolated findings have been noted for carnitine 
supplementation: 10,450 PubMed hits for “carnitine” on 5/27/09



Scientific Data
Athletic Performance: Circulation

 May increase endothelial 
cell carnitine content
 May increase nitric oxide

 May result in peripheral 
vasodilation 

 Dose dependent vasodilatory 
action in coronary, pulmonary, 
and systemic circulation

 May lead to increased perfusion 
in active tissue beds 

 Improve A-VO2 

difference=improved VO2max



Scientific Data
Athletic Performance: Circulation

 Reduce magnitude of 
exercise-induced hypoxia

 Attenuate production of 
ROS

 Less muscle injury and 
decrease of associated                                                      
signs and symptoms



Scientific Data
Athletic Performance: Energy Metabolism

1. Involved in the removal of intermediate 
compounds out of the mitochondrial matrix 
to prevent accumulation

 Allows for continued action of PDH complex

 Key irreversible rate limiting step in CHO 
oxidation

 Note: Increased blood flow may also 
mediate tissue specific increased PDH 
activity



Role of PDH Complex in Acetyl-CoA 
Production via CHO Oxidation

When conditions are optimal (e.g., 

appropriate ratio of acetyl-CoA:CoA, 

etc.), pyruvate is converted into 

acetyl-CoA for entry into the Krebs 

cycle for ATP production

Alternative is lactate production from 

conversion of pyruvate via LDH                        



Scientific Data
Athletic Performance: Energy Metabolism

2. Conversion of keto-acid analogues of the BCAAs 
 Oxidation or gluconeogenesis in liver

3. Involved in the transport of activated fatty acids into the 
mitochondria matrix 
 Beta Oxidation, Krebs Cycle, and ETC for ATP production
 Three enzymes located on the outer and inner 

mitochondrial membrane assist in the process
 Enhanced use of fatty acids during exercise

 Lower RER and HR at submaximal workloads
 Glycogen sparing effect in skeletal muscle

 Reduced lactate accumulation with high intensity exercise
 Prolonged exercise time to fatigue

 Improved VO2max 

 Decreased body fat (Phosphodiesterase inhibition)

Note: Findings are mixed in relation to above



Scientific Data
Athletic Performance: Antioxidant Properties

 May act as a radical scavenger and iron chelator to 
minimize potential negative consequences of ROS, leading 
to lower levels of “oxidative stress”
 Oxidative Stress

 A condition wherein the production of ROS exceeds the 
physiologic capacity of the system (i.e., antioxidant defenses) 
to render these inactive

 Linked to most clinical conditions
 Linked to decrements in health and human performance
 Elevated during periods of overtraining

 May decrease the release of ROS from activated 
neutrophils

 May protect tissue from damaging effects of ROS

 May improve performance during repeated exercise bouts 
(due to less ROS-mediated oxidation)



Potential Mechanisms of Increased ROS Production Related 

to an Acute Bout of Exercise 

  

 

 

↑ Mitochondrial electron transport * 

   

↑ VO2    ↑ Catecholamines * 

 

    ↑ Prostanoids * 

 

↑ Ischemia/reperfusion     ↑ Xanthine Oxidase  

(Tissue specific;  

severity dependent on 

exercise mode; static 

muscle action (e.g., as in 

resistance exercise) or blood 

shunt (e.g., as in sprint exercise) 

followed by reoxygenation) 

 

Excessive trauma  Disruption of iron  

    containing protein ** 

 

 

    ↑ Prostanoids ** 

 

Muscle fiber injury   Proteolysis ** 
(Mechanical) 

    Inflammation **   

 

Imbalance in calcium homeostasis ** 

During Exercise 

Post Exercise 
(Through 96 h of recovery) 

ROS production and subsequent oxidation following sprint exercise (*) and resistance exercise (**).  

Overlap of ROS production pathways may occur in all anaerobic exercise modes. Xanthine oxidase 

appears to be a ubiquitous agent in all anaerobic exercise modes. Aerobic exercise modes (*). 

Adapted from Bloomer     

& Goldfarb, CJAP, 2004
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For Carnitine Reviews See:

 Brass EP. Carnitine and sports medicine: use or abuse? Ann N Y 
Acad Sci. 2004 Nov;1033:67-78. 

 Brass EP. Supplemental carnitine and exercise. Am J Clin Nutr. 
2000 Aug;72(2 Suppl):618S-23S. 

 Brass EP, Hiatt WR. The role of carnitine and carnitine 
supplementation during exercise in man and in individuals with 
special needs. J Am Coll Nutr. 1998 Jun;17(3):207-15. 

 Cerretelli P, Marconi C. L-carnitine supplementation in humans. 
The effects on physical performance. Int J Sports Med. 1990 
Feb;11(1):1-14. 

 Cha YS. Effects of L-carnitine on obesity, diabetes, and as an 
ergogenic aid. Asia Pac J Clin Nutr. 2008;17 Suppl 1:306-8. 

 Karlic H, Lohninger A. Supplementation of L-carnitine in athletes: 
does it make sense? Nutrition. 2004 Jul-Aug;20(7-8):709-15. 

 Kraemer WJ, Volek JS, Dunn-Lewis C. L-carnitine supplementation: 
influence upon physiological function. Curr Sports Med Rep. 2008 
Jul-Aug;7(4):218-23.



Antioxidant Effects

 Bloomer RJ, Tschume LC, Smith WA. Glycine propionyl-
L-carnitine modulates lipid peroxidation and nitric oxide 
in human subjects. Int J Vitam Nutr Res. In Press. 

 Randomized design: 8 weeks of treatment

 30 healthy, inactive men and women

 1.5 or 4.5 grams/day GPLC, placebo

 Outcome measure: Blood malondialdehyde (MDA)

 Results: Significant decrease in resting MDA with 
both dosages



Antioxidant Effects
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Bloomer RJ, Tschume LC, Smith WA. Glycine propionyl-L-carnitine modulates lipid peroxidation 
and nitric oxide in human subjects. Int J Vitam Nutr Res. In Press. 



Antioxidant Effects

 Bloomer RJ, Smith WA. Oxidative stress in response to 
aerobic and anaerobic power testing: influence of exercise 
training and carnitine supplementation. Res Sports Med. 
2009 Jan-Mar;17(1):1-16.

 Randomized design: 8 weeks of treatment

 32 healthy, inactive men and women

 1.5 or 4.5 grams/day GPLC, placebo

 Outcome measures: Blood malondialdehyde (MDA), hydrogen 
peroxide (H2O2), and xanthine oxidase activity (XO)

 Results: Significant decrease in resting MDA with both 
dosages; but no differences between conditions for exercise-
induced changes



Antioxidant Effects: 
MDA and GXT

Bloomer RJ, Smith WA. Oxidative stress in response to aerobic and anaerobic power testing: 
influence of exercise training and carnitine supplementation. Res Sports Med. 2009 Jan-
Mar;17(1):1-16. 



Antioxidant Effects: 
MDA and Wingate

Bloomer RJ, Smith WA. Oxidative stress in response to aerobic and anaerobic power testing: 
influence of exercise training and carnitine supplementation. Res Sports Med. 2009 Jan-
Mar;17(1):1-16. 



Antioxidant Effects: 
H2O2 and GXT

Bloomer RJ, Smith WA. Oxidative stress in response to aerobic and anaerobic power testing: 
influence of exercise training and carnitine supplementation. Res Sports Med. 2009 Jan-
Mar;17(1):1-16. 



Antioxidant Effects: 
H2O2 and Wingate

Bloomer RJ, Smith WA. Oxidative stress in response to aerobic and anaerobic power testing: 
influence of exercise training and carnitine supplementation. Res Sports Med. 2009 Jan-
Mar;17(1):1-16. 



Antioxidant Effects: 
XO and GXT

Bloomer RJ, Smith WA. Oxidative stress in response to aerobic and anaerobic power testing: 
influence of exercise training and carnitine supplementation. Res Sports Med. 2009 Jan-
Mar;17(1):1-16. 



Antioxidant Effects: 
XO and Wingate

Bloomer RJ, Smith WA. Oxidative stress in response to aerobic and anaerobic power testing: 
influence of exercise training and carnitine supplementation. Res Sports Med. 2009 Jan-
Mar;17(1):1-16. 



Antioxidant Effects: 
Interpretation and Limitations of Findings

 Unknown whether or not attenuating oxidative stress 
response to exercise is helpful or harmful
 Ristow M, Zarse K, Oberbach A, Klöting N, Birringer M, Kiehntopf 

M, Stumvoll M, Kahn CR, Blüher M. Antioxidants prevent health-
promoting effects of physical exercise in humans. Proc Natl Acad 
Sci U S A. 2009

 Gomez-Cabrera MC, Domenech E, Romagnoli M, Arduini A, Borras 
C, Pallardo FV, Sastre J, Viña J. Oral administration of vitamin C 
decreases muscle mitochondrial biogenesis and hampers training-
induced adaptations in endurance performance. Am J Clin Nutr. 
2008 Jan;87(1):142-9. 

 Gomez-Cabrera MC, Borrás C, Pallardó FV, Sastre J, Ji LL, Viña J. 
Decreasing xanthine oxidase-mediated oxidative stress prevents 
useful cellular adaptations to exercise in rats. J Physiol. 2005 Aug 
15;567(Pt 1):113-20. 

 ROS serve an important role in molecular signaling
 Minimizing effects may be unnecessary and/or 

counterproductive



Nitric Oxide Effects

 Bloomer RJ, Tschume LC, Smith WA. Glycine propionyl-
L-carnitine modulates lipid peroxidation and nitric oxide 
in human subjects. Int J Vitam Nutr Res. In Press.

 Randomized design: 8 weeks of treatment

 30 healthy, inactive men and women

 1.5 or 4.5 grams/day GPLC, placebo

 Outcome measure: Blood nitrate/nitrite 

 Results: Significant increase in resting nitrate/nitrite 
in response to 4.5 grams/day GPLC treatment



Nitric Oxide Effects
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Bloomer RJ, Tschume LC, Smith WA. Glycine propionyl-L-carnitine modulates lipid peroxidation 
and nitric oxide in human subjects. Int J Vitam Nutr Res. In Press. 



Nitric Oxide Effects

 Bloomer RJ, Smith WA, Fisher-Wellman KH. Glycine 
propionyl-L-carnitine increases plasma nitrate/nitrite in 
resistance trained men. J Int Soc Sports Nutr. 2007 Dec 
3;4:22. 

 Cross-over design: 4 weeks of treatment; 2 week 
washout

 15 healthy, trained men

 4.5 grams/day GPLC, placebo

 Outcome measure: Blood nitrate/nitrite 

 Results: Significant increase in nitrate/nitrite in 
response to GPLC treatment and ischemia reperfusion 
protocol



Nitric Oxide Effects

Bloomer RJ, Smith WA, Fisher-Wellman KH. Glycine propionyl-L-carnitine increases plasma 
nitrate/nitrite in resistance trained men. J Int Soc Sports Nutr. 2007 Dec 3;4:22.



Nitric Oxide Effects:  
Variability in Response

Bloomer RJ, Smith WA, Fisher-Wellman KH. Glycine propionyl-L-carnitine increases plasma 
nitrate/nitrite in resistance trained men. J Int Soc Sports Nutr. 2007 Dec 3;4:22.



Nitric Oxide Effects:  
Interpretation and Limitations of Findings

 Unknown what impact increased 
circulating nitric oxide has on exercise 
performance and adaptations
 See following slide

 No functional assessments have been 
included in the designs with findings of 
increased nitrate/nitrite



Nitric Oxide Stimulator—Proposed Mechanism of Action

Consumption of Dietary Ingredient/Supplement

↑ Nitric Oxide ProductionMaintain Nitric Oxide Bioavailability

↑ Circulating Nitric Oxide

↑ Blood Flow

↑ Oxygen and Nutrient Delivery 

to Exercised Muscle Tissue

↑ Muscle Pump↑ Exercise Performance

↑ Satellite Cell Proliferation

↑ Muscle Hypertrophy of 

Exercised Muscle Tissue

↑ Stress on Exercised 

Muscle Tissue

From Bloomer, RJ. Strength Cond J, In Press.



Hormone and Androgen 
Receptor Effects

 Kraemer WJ, Volek JS, French DN, Rubin MR, Sharman MJ, 
Gómez AL, Ratamess NA, Newton RU, Jemiolo B, Craig BW, 
Häkkinen K. The effects of L-carnitine L-tartrate 
supplementation on hormonal responses to resistance exercise 
and recovery. J Strength Cond Res. 2003 Aug;17(3):455-62.

 Cross-over design: 3 weeks of treatment; 1 week washout

 10 healthy, trained men

 2 grams/day L-carnitine L-tartrate, placebo

 Outcome measures: Testosterone, insulin-like growth 
factor-I, insulin-like growth factor-binding protein-3 
[IGFBP-3], and immunofunctional and immunoreactive 
growth hormone 

 Results: Significant increase in IGFBP-3 before and after 
acute squat exercise; no significant difference between 
conditions for any other variable



Hormone and Androgen 
Receptor Effects

 Kraemer WJ, Spiering BA, Volek JS, Ratamess NA, Sharman 
MJ, Rubin MR, French DN, Silvestre R, Hatfield DL, Van Heest 
JL, Vingren JL, Judelson DA, Deschenes MR, Maresh CM. 
Androgenic responses to resistance exercise: effects of feeding 
and L-carnitine. Med Sci Sports Exerc. 2006 Jul;38(7):1288-
96.

 Cross-over design: 3 weeks of treatment; 1 week washout
 10 healthy, trained men
 2 grams/day L-carnitine L-tartrate, placebo
 Outcome measure: Skeletal muscle (vastus lateralis) 

androgen receptor content 
 Results: Significant increase in pre-exercise androgen 

receptor content with treatment (12.9±5.9 vs. 11.2±4.0 
arbitrary units; mean±SEM)?; No other condition 
differences noted



Hormone and Androgen 
Receptor Effects

Kraemer WJ, Spiering BA, Volek JS, Ratamess NA, Sharman MJ, Rubin MR, French DN, Silvestre R, Hatfield 
DL, Van Heest JL, Vingren JL, Judelson DA, Deschenes MR, Maresh CM. Androgenic responses to resistance 
exercise: effects of feeding and L-carnitine. Med Sci Sports Exerc. 2006 Jul;38(7):1288-96. 



Hormone and Androgen 
Receptor Effects:
Interpretation and Limitations of Findings

 Unknown what, if any, benefit is associated 
with an increase in resting and exercise-
induced IGFBP-3

 Unknown what, if any, benefit is associated 
with increasing pre-exercise androgen receptor 
content (especially considering the very minor 

differences noted between conditions)

 Future training studies are needed to determine such 
benefit in terms of muscle 
hypertrophy, recovery, and performance



Muscle Recovery Effects

 Volek JS, Kraemer WJ, Rubin MR, Gómez AL, Ratamess 
NA, Gaynor P. L-Carnitine L-tartrate supplementation 
favorably affects markers of recovery from exercise 
stress. Am J Physiol Endocrinol Metab. 2002 
Feb;282(2):E474-82. 

 Cross-over design: 3 weeks of treatment; 1 week washout
 10 healthy, trained men
 2 grams/day L-carnitine L-tartrate, placebo
 Outcome measures: Muscle tissue disruption via 

MRI, muscle 
soreness, CK, XO, hypoxanthine, urate, MDA, myoglobin, F
A binding protein

 Results: MRI assessed damage following squat exercise 
was less with treatment (23±8 and 16±5% for LCLT vs. 
39±5 and 29±6% for placebo); most other variables 
experienced a lower response with treatment compared to 
placebo*

*Similar findings reporting in: Spiering et al. J Strength Cond Res. 2007 21(1):259-264; Spiering et al. J Strength 
Cond Res. 2008 22(4):1130-5. 



Muscle Recovery Effects

Volek JS, Kraemer WJ, Rubin MR, Gómez AL, Ratamess NA, Gaynor P. L-Carnitine L-tartrate supplementation 
favorably affects markers of recovery from exercise stress. Am J Physiol Endocrinol Metab. 2002 
Feb;282(2):E474-82. 



Muscle Recovery Effects:
Interpretation and Limitations of Findings

 Unknown what the meaning of small 
differences in muscle injury and soreness are 
in a small sample of resistance trained men

 Need repeated exposure to same exercise bout to 
determine if effect of LCLT is maintained

 If maintained, what benefit is associated with these 
differences?

 Future training studies are needed to determine such 
benefit in terms of muscle hypertrophy, recovery, 
and performance



Exercise Performance Effects

 Smith WA, Fry AC, Tschume LC, Bloomer RJ. Effect of 
glycine propionyl-L-carnitine on aerobic and anaerobic 
exercise performance. Int J Sport Nutr Exerc Metab. 
2008 Feb;18(1):19-36. 

 Randomized design: 8 weeks of treatment

 32 healthy, inactive men and women

 1.5 or 4.5 grams/day GPLC, placebo

 Outcome measures: VO2peak, exercise time to 
fatigue, anaerobic threshold, anaerobic power, and 
total work 

 Results: No significant differences noted between 
conditions for any variable



Exercise Performance Effects

 Jacobs PL, Goldstein ER, Blackburn W, Orem I, Hughes 
JJ. Glycine propionyl-L-carnitine produces enhanced 
anaerobic work capacity with reduced lactate 
accumulation in resistance trained males. J Int Soc 
Sports Nutr. 2009 Apr 2;6:9.

 Cross-over design: 1 week between conditions
 24 healthy, trained men
 4.5 grams GPLC, placebo
 5, 10 second cycle sprints with 1 min active recovery
 Outcome measures: Peak and mean power, heart 

rate, blood lactate
 Results: Greater peak and mean power with GPLC 

treatment (2.6-15%) compared to placebo; lower 
lactate response with GPLC compared to placebo



Exercise Performance Effects:
Interpretation and Limitations of Findings

 Unknown if increased power on a cycle 
ergometer will translate into improved 
performance in other areas of sport 
(e.g., running, weightlifting, etc.)

 Unknown if effect will be maintained 
over repeated bouts of similar exercise 
stress



Safety of Use

 Bloomer RJ, Tschume LC, Smith WA. Glycine propionyl-L-
carnitine modulates lipid peroxidation and nitric oxide in 
human subjects. Int J Vitam Nutr Res. In Press. 
 Randomized design: 8 weeks of treatment
 30 healthy, inactive men and women
 1.5 or 4.5 grams/day GPLC

 Outcome measures: CBC, chemistry panel, lipid panel

 Results: No significant differences between conditions

 Rubin MR, Volek JS, Gómez AL, Ratamess NA, French 
DN, Sharman MJ, Kraemer WJ. Safety measures of L-carnitine 
L-tartrate supplementation in healthy men. J Strength Cond 
Res. 2001 Nov;15(4):486-90. 
 Cross-over design: 3 weeks of treatment, 1 week washout
 10 healthy, active men
 3 grams/day L-carnitine L-tartrate
 Outcome measures: CBC and chemistry panel
 Results: No significant differences between conditions



Practical Applications

 Supplementation with 2-4grams per day

 May result in favorable improvements in 
acute exercise performance and recovery

 Such effects may enhance training-induced 
adaptations

 Taken with carbohydrate rich meals

 The insulin response from the 
carbohydrate feeding may enhance 
carnitine retention in tissue                          
(Stephens et al., 2006; 2007)
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