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Introduction

ranched chain amino acids have a non-
continuous link of carbon bonds. Essentially
having one carbon not in a linear fashion
makes a branched point; all branched chain

amino acids have one or more points of non-
continuous links. (1,2)

Leucine, isoleucine and valine are the three branched
chain amino acids. All three are essential amino acids
the remaining five are phynelalanine, methionine,
tryptophane, threonine and lysine. Some authorities
suggest there is a total of ten essential amino acids
including arginine and histadine. Other suggests that
arginine and histadine are conditionally essential.
Arginine is essential for children up to five years old,
and the eldetly, sixty and up. Histadine is essential for
children up to five years of age. The branched chain
amino acids make up 40% of the daily requirements of
essential amino acids. (1,2) While the dose for leucine
is approximately 40mg per kilogram of body weight per
day, and isoleucine and valine are typically 10-30 mg per
kilogram per day. (10)

At one point the safe levels or the RD.A. for BCAA’s
were 20% of the total amino acids needed for daily
needs. The established values for amino acid come
from the FAO (Food and Agriculture Organization)
and the National Research Council (NRC). The FAO
and the NRC, who are often times concerned with the
growth of infants and children. After closer evaluation
of human needs the requirement of BCAA’s went up

dramatically, to the currentlevels of 40%. A number of
studies establishing levels for BCAA’s involved
individuals fasting and living normal lifestyle, not in
quest of more muscle or energy. (3)

Athletes are commonly one of the primary groups
using BCAA in supplemental forms. The changes in
RDA levels and the BCAA’s have changed dramatically
in the last years. I wonder if athlete levels need
augmenting as well.

Metabolism of BCAA's

General Metabolism

Proteins are the foundation of amino acids. In order to
render amino acids form protein molecules proteins
must be digested via the gastrointestinal tract, GI. This
involves stomach hydrochloric acid secretion on large
protein molecules, then pancreatic secretion of the
protease breaking down longer amino chains, and
finally the breakdown into smaller fragments in the
small intestine to form free amino's and some small
peptides with the enzyme peptidease. Most amino
acids are then subject to transportation to the liver and
some metabolism in the viscera (splanchec) area and
the stomach mucosal area. (4)

Free BCAA’s are a little different in that they are
directly transported to the bloodstream through the
liver, while some exchange in the intestinal viscera and
go directly to the bloodstream also. Most all amino
acids can be degradated, broken down, in the liver
effectively, with the exception of BCAA’s. The liver
oxidizes the BCAA’s from their converted form called
oxo-Keto acids. This means that basic BCAA’s are not
metabolized by the liver directly. Ultimately large
percentages of the BCAA’S are oxidized by the muscle
tissue and some by fat (adipose) tissue (5) The largest
percentage of oxidation occurs in muscle tissue (Organ
Specific Muscle)
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The enzyme needed to catabolise or break down the
BCAA’s is called mitochondrail dehydrogenase and
branched-chain keto acid dehydrogenase BCKADH.
Keto acids can then be used by muscle to fuel the
Krebs’s cycle for ATP production or be transported to
the liver for oxidation. Although this can occur in other
tissue the dominant area of use is in the liver. The result
of BCKADAH is BCOA, branched chain oxo acids,
which can be used as energy in the liver. Keto acids of
BCAA’s inhibit this action, such as Alpha-
Ketoisocaproic acid the transamination product of
Leucine. Some supplement companies sell the Keto
versions of the BCAA’s. This can inhibit the
breakdown of BCAA’s as energy source. (6)(9)

In summary, BCAA’s comprise approximately 35% of
all muscle tissue. They are actively metabolized by
muscle as energy, while the liver can use BCAA’s as
energy as well.

Exercise and BCAA’s

Six amino acids are taken into muscle tissue for energy
including Alanine aspartate, glutamate, and the
BCAA’s. While the BCAA’s have the greatest metabolic

potential for energy use in muscle.

Muscle tissue has 60% of the specific enzymes needed

for oxidation (burning) of amino acids for energy,
specifically BCAA’s. In essence muscle is designed to
burn BCAA amino acids for energy. During exercise
the body uses BCAA’s as energy. The longer and
harder the workout the more BCAA’s are used in
muscle for energy. It is estimated 3% to 18% of all
workout energy is provided by the BCAA’s, while some
consider this to be conservative the duration and
intensity levels can indicate greater or lesser amount of
usage.

The bodies need for the BCAA especially, Leucine is 25
times greater than the free amino pool, or readily
available leucine. The free amino pool is free or single
amino acids found in skeletal muscle, blood and cell
plasma. (75% is in muscle) Free amino acids are amino
acids not bound just ‘waiting’ for use. Because of the
great need for Leucine the body must catabolise or
breakdown muscle for the Leucine needed during a
workout. (7)

BCAA’s can also be converted to alanine or glutamine
in the muscle. Alanine and glutamine can go through
glyconeogenesis in the liver to form glucose. Simply
put, be converted to new glucose.

Ultimately leucine is one of the major ‘foods’ for
muscle energy during workouts.

Muscle tissue Synthesis and signaling

effects of Leucine

Certain amino acids have a muscle tissue signaling
effect on synthesis. Glutamine and leucine are in this
category. Glutamine seems to have the largest response
although ineffective if leucine is not present.

Leucine has a direct action on stimulation of protein
synthesis with activation of insulin and cellular
activation. Insulin increases the uptake of all amino
acids into cells.

While the major destination for BCAA’s is muscle
tissue for energy, the incorporation of BCAA’s into
muscle is dependent on IGF-1. IGF-1 stimulates
muscle tissue synthesis while insulin inhibits the

breakdown of muscle and encourages the uptake of
amino acids including BCAA’s.

Chronic low levels of BCAA’s will eventually show up
in the urine and plasma resulting in loss of muscle mass
and protein synthesis capabilities some times
alopecia.(12) (14) (31)

Supplemental Use of
BCAA's

BCAA’s when consumed in the free form, bypass the
liver and gut tissue and go directly into the blood
stream. Supplemental free forms quickly elevate the
blood supply and affect circulating BCAA levels. This
is especially true when there are low levels of glycogen
or stored sugars. (8)

BCAA’s supplements have shown beneficial effects
when taken before and after workouts. While large
dosages of single leucine are not recommended by
some authorities, the use of BCAA’s might be best in
combination. (12)

Endurance and Fatigue

Prevention of fatigue and BCAA’s with athletes occurs
in two primary ways. First, the loss of ATP or cellular
enetgy occurs with the loss of stored glucose in the
form of glycogen. ATP levels are maintained by
BCAA’s degradation and fatty acid utilization after
glycogen depletion. The effect of BCAA’s as energy is
approximately 3-18% and possibly more depending on
duration and or intensity of the workout. Muscle
tissue can oxidize leucine for energy or convert leucine
into glutamine or alanine for blood energy. Glutamine
or alanine can be converted into glucose. Also
isoleucine and valine can be converted to Krebs cycle
components for energy as well; making all three
BCAA’s a valuable source of muscle energy.
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The second primary fatigue fighter for BCAA’s is seen
with BCAA’s ability to prevent central fatigue in the
nervous system. Central fatigue happens with the
uptake of tryptophan by the brain increasing the levels
of serotonin. Serotonin increases tiredness and fatigue
demanding reset. BCAA’s inhibit the brains ability to
uptake tryptophan decreasing the brain levels of
tryptophan. BCAA’s do prevents sleep apnea in normal
adults. (12)

For endurance athletes the use of BCAA’s before and
after the workout has shown to be effective in reducing
total time for events. Cyclist and marathoners have
shown positive effects when using BCAA’s
immediately before events and during an event.
Improvements in mental performance and reduction in
times have been noted. The reduction of lactic acid
levels have been shown in some studies (reduced burn).
Muscle mass loss has been shown to be reduced also.
Two weeks of supplementation has shown
improvements in time-trial cyclist, with trained athletes.
It is also noted that some studies indicated no
improvements.

Some studies have compared BCAA’s to glucose, while
some formulas today have the two together.

Dosage 3-20 grams a day, taken before during and
after workouts. Most studies indicated 7 to 12 grams
during long events mixed into carbohydrates solutions.
(13) (39)(40)(41)(42)(43)

Muscle Building and BCAA’s
Recovery from a workout as well as increased energy
can be accomplished with BCAA’s use.

During exercise times when muscle contacting tissues
are being degradated for energy non contractile muscle
proteins decrease in catabolism, and inversely with
reduction of exercise. In addition the breakdown of
contractile tissue increases during post work recovery.
So increasing the usage of BCAA’s before and
especially after workouts has been a norm for years
producing a ‘muscle sparing’ effect. In addition the
stimulation of muscle synthesis and the use of BCAA’s
have required large dosages of these three amino’s.
Although most research points to leucine as the amino
that stimulates this action in supplementation and meal
situations. (15) (25)

Recovery

BCAA’s have been used for recovery extensively.
Exercise recovery and the degradation of proteins are
reduced with the use of BCAA’s and especially leucine.
As noted above leucine has a signaling effect on key
enzymes for protein synthesis having an anabolic effect
on human muscle. BCAA’s usually are coupled with

insulin and IGF-1, although BCAA’s have a direct
action on muscle tissue synthesis without insulin. This
might be helpful in individuals with insulin problems
looking for muscle stimulation.

Muscle tissue gains

One study used approximately 3400 mg of leucine for a
170 pound man for recovery and tissue synthesis for
lean individuals needing to build muscle. This study
used whey protein mixed with the extra leucine. The
diet consisted of 55% carbs and 15% proteins with
added leucine spread throughout the day. Another
study indicated the use of BCAA’s, with approximately
50% leucine as the base with whey proteins at 1.26
grams per kilo which is about 107 grams per 170pound
individual. Here is a snap shoot of dose per weight and
individual body weight.

Body weightin | BCAA’s total | Proteins total
Pounds grams grams.

150 5650mg. 94grams

170 6400mg 107grams
200 7500mg 125grams
250 9400mg 156grams
300 11300mg 187grmas

Many authorities agree that proper protein
supplementation should be at 1.3-1.6 grams per
kilogram of body weight daily for strength training
athletes.

Finally some good studies indicated 5.6 grams of
BCAA’s two times a day improved weight lifting
recovery and improved muscle stability. Another study
indicated 3.6 grams two times a day improved the
recovery of rugby player. Ultimately the dosage above
shoud be a good rule of thumb.
(18)(19)(20)(21)(41)(48)(49) (50)

Fat Loss

Recent research has confirmed leucine increases the
adipocytes (fat cells) release of fats for energy. In
addition leucine has shown to be a factor in prevention
of muscle tissue degradation during dieting in diabetic
situation. Most dieting situation increases the loss of
lean tissue and increase muscle loss. Having adequate
leucine and protein will prevent the loss of muscle

during dieting. (26) (27) (34)
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Summary

Food sources for BCAA’s are: whey, and milk proteins,
beef, chicken, fish, soy proteins, eggs, baked beans,
whole wheat, brown rice, almonds, brazil nuts,
pumpkins seeds, lima beans, chick peas, cashew nuts,
lentils, and corn.

Higher Dosages of BCAA’s studies done with rats in
excess of 15 grams per kilo gram of body weight have
shown to decrease B3 blood and tissue levels. Fora 100
pound man that would be about 750 grams. Based on
the dosages as listed above it is always good to make
sure you have enough of the b-vitamins in your
supplement program.

Although one study in animals with extremely high
dosages was found to be problematic, there is no
correlation toxicity with human studies. Acceptable
dosages seem to be around 4-20 grams depending on
body weight and event of use.

BCAA’s research and use in supplementation has been
going on for many years. Many studies indicating the
mechanisms of action on human and animal anatomy
have been done. More research needs to be done. It is
noted that there are some authorities that believe the
use of BCAA’s for energy, recovery; muscle synthesis
and stamina are not conclusive enough. While current
studies have been substantial proving the effects of
BCAA’s.

BCAA’s are safe and pose no threat when used
appropriately. Further investigation and more research
will undoubtedly happen with dosage and timing which
should substantiate the effectiveness of BCAA’s.

Finally BCAA’s are muscle tissue specific providing
energy during workouts and muscle tissue stimulation
and recovery when consumed after workouts or events
in either food or supplement form. BCAA’s can be
used before and after workouts for increased energy,
muscle sparing action, recovery, and muscle tissue
stimulation and stability. (22) (29) (30)

BCAA'’s and Disease

BCAA’s oxidation has been shown to inctease in
cancer, AIDS, diabetes and other muscle wasting
diseases.

The use of BCAA’s in one study with liver cancer
patients while going through liver reconstruction and
chemo-emobolization seem to show some benefit.
While some recent trials suggested that clinical
metabolic parameters, morbidity and quality of life was
improved with oral BCAA usage. At this point the use

of BCAA’s is clearly undefined and remains to be
unclear, despite the potential benefits.

Other liver studies with 7 individual’s age over 70 with
cirrhosis used 4 grams BCAA’s with each meal. Results
suggested that blood proteins (albumin) were increased.
Diseased liver studies have shown benefits with
BCAA’s, dosages and information should be used with
a qualified physician. The use of BCAA’s in
conjunction with disease should be done with your
physician consultation. (15) (34)(35)(44)(45)(47)

References:

1. Spencer L. Seager, Chemistry for Today 5" ed.
2005 Brooks/ Cole. Pg 335

2. Cynober, Luca. Metabolic and Therapeutic Aspects
of Amino Acids in Clinical Nutrition 24 ed. CRC Press
LLC, 2000 N.W. Corporate Blvd., Boca Raton, Florida
33431 2004. Pg 123.

3. Ziegler, Present Knowledge Nutrition 7% ed.
International Life Sciences Institute/ ILSI North
America Washington D.C. 20036-4810. pg 76-79.

4. Ziegler, Present Knowledge Nuttition 7% ed.
International Life Sciences Institute/ ILSI North
America Washington D.C. 20036-4810. pg 72.

5. Ziegler, Present Knowledge Nutrition 7% ed.
International L.

6. Life Sciences Institute/ ILSI North America
Washington D.C. 20036-4810. pg 74.

7. Ziegler, Present Knowledge Nutrition 7% ed.
International Life Sciences Institute/ ILSI North
America Washington D.C. 20036-4810. pg 67-79, 74.

8. Hargreaves Exercise Metabolism, Human Kinetics
Pub Champaign, IL 1995 Pg. 133-143

9. Hargreaves Exercise Metabolism, Human Kinetics
Pub Champaign, IL 1995 Pg. 160

10. Hargreaves Exercise Metabolism, Human Kinetics
Pub Champaign, 1L 1995 Pg. 140

11. Cynober, Luca. Metabolic and Therapeutic Aspects
of Amino Acids in Clinical Nutrition 24 ed. CRC Press
LLC, 2000 N.W. Corporate Blvd., Boca Raton, Florida
33431 2004. Pg 460-1.

12. Cynober, Luca. Metabolic and Therapeutic Aspects
of Amino Acids in Clinical Nutrition 2°d ed. CRC Press
LLC, 2000 N.W. Corporate Blvd., Boca Raton, Florida
33431 2004. Pg. 291-99.

13. Bralley Ph.D., Laboratory Evaluation in Molecular
Medicine: Nutrients, Toxicants, and Cell Regulators,
The Institute for Advances in Molecular Medicine.
Norcross, GA 2001. Pg. 90-91.

14. Talbert, A Guide to Understanding Dietary
Supplements. The Haworth Press 10 Alice Street,
Binghampton NY. 13904. Pg 125-127-

15. S E Meek, regulation of amino acid exchange and
protein dynamics across splanchnic and skeletal muscle
beds by insulin in healthy human subjects. doi:
10.2337/diabetes.47.12.1824 Diabetes December 1998
vol. 47 no. 12 1824-1835

16. Changes in basal and insulin and amino acid
response of whole body and skeletal muscle proteins in
obese men.Guillet C, Delcourt I, Rance M, Giraudet C,
Walrand S, Bedu M, Duche P, Boirie Y.] Clin

Huntington College of Health Sciences « 800-290-4226 « www.hchs.edu



Endocrinol Metab. 2009 Aug;94(8):3044-50. Epub 2009
May 26.

17. Xiaocun Sun' and Michael B Zemel' Department
of Nutrition, University of Tennessee, 1215 W.
Cumbetland Avenue, Knoxville, TN 37996-1920, USA
Leucine and Calcium Regulate Fat Metabolism and
Energy Partitioning in Murine Adipocytes and Muscle
Cells
http://www.springetlink.com/content/a24843v7393x1
057/

18. Protein metabolism during endurance
exercise.Dohm GL, Kasperek GJ, Tapscott EB,

Barakat HA.Fed Proc. 1985 Feb;44(2):348-52. Review.
http://www.ncbi.nlm.nih.gov/pubmed/388129020rdin

alpos=5&itool=EntrezSystem2.PEntrez.Pubmed.Pubm
ed ResultsPanel.Pubmed DefaultReportPanel.Pubmed
RVDocSum
19. Leucine supplementation and intensive
training. Mero A.Sports Med. 1999 Jun;27(6):347-58.
Review.
http://www.ncbi.nlm.nih.gov/pubmed/10418071?0ordi
nalpos=17&itool=EntrezSystem2.PEntrez.Pubmed.Pu
bmed ResultsPanel.Pubmed DefaultReportPanel.Pub
med RVDocSum
20. Med Sci Sports Exerc. 1987 Oct;19(5 Suppl):S166-
71. Protein degradation during endurance exercise and
recovery.Dohm GL, Tapscott EB, Kasperek GJ.
Department of Biochemistry, School of Medicine, East
Carolina University, Greenville, NC 27834.
http://www.ncbi.nlm.nih.cov/pubmed/3316916?0rdin
alpos=&itool=EntrezSystem2.PEntrez.Pubmed.Pubme
d_ResultsPanel.SmartSearch&log$=citationsensor
21. Blomstrand E, Eliasson |, Karlsson HK, Koéhnke
R. Branched-chain amino acids activate key enzymes in
protein synthesis after physical exercise Department of
Surgical Science, Karolinska Institutet, Stockholm,
Sweden. eva.blomstrand@gih.se
http://www.ncbi.nlm.nih.cov/pubmed/16365096?0rdi
nalpos=&itool=EntrezSystem2.PEntrez.Pubmed.Pubm
ed ResultsPanel.SmartSearch&log$=citationsensor
22. Leucine and insulin activate p70 S6 kinase through

different pathways in human skeletal muscle.Greiwe JS,
Kwon G, McDaniel ML, Semenkovich CF.Am ]

Physiol Endocrinol Metab. 2001 Sep;281(3):E466-71.
http://www.ncbi.nlm.nih.cov/pubmed /11500301 ?0ordi
nalpos=10&itool=EntrezSystem2.PEntrez.Pubmed.Pu
bmed ResultsPanel.Pubmed DefaultReportPanel.Pub
med RVDocSum

23. Interrelationship between physical activity and
branched-chain amino acids.Gleeson M.] Nutr. 2005
Jun;135(6 Suppl):1591S-5S. Review.
http://www.ncbi.nlm.nih.gov/pubmed/15930475?0ordi
nalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pub
med ResultsPanel.Pubmed DefaultReportPanel.Pubm
ed RVDocSum

24. Ajinomoto Newsletter Amino Acids Link News.
May 2006 Vo. 14

25. A role for branched-chain amino acids in reducing
central fatigue. Blomstrand E.J Nutr. 2006
Feb;136(2):544S-5478.
http://www.ncbi.nlm.nih.cov/pubmed/16424144?0rdi

nalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pub

med ResultsPanel.Pubmed DefaultReportPanel.Pubm
ed RVDocSum

26. Signaling pathways and molecular mechanisms
through which branched-chain amino acids mediate

translational control of protein synthesis.Kimball SR,
Jefferson LS.J] Nutr. 2006 Jan;136(1 Suppl):227S-318S.

Review.
http://www.ncbi.nlm.nih.gov/pubmed/16365087?0tdi
nalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pub
med ResultsPanel.Pubmed DefaultReportPanel.Pubm
ed RVDocSum

27. Xiaocun Sunl and Michael B Zemell Department
of Nutrition, University of Tennessee, 1215 W.
Cumberland Avenue, Knoxville, TN 37996-1920, USA
Leucine and Calcium Regulate Fat Metabolism and
Energy Partitioning in Murine Adipocytes and Muscle
Cellshttp://www.springetlink.com/content/a24843v73
93x1057/

28. Protein metabolism during endurance
exercise.Dohm GL, Kasperek GJ, Tapscott EB,
Barakat HA.Fed Proc. 1985 Feb;44(2):348-52. Review.
http://www.ncbi.nlm.nih.gov/pubmed/3881290...

29. Chaitow, D.O., Amino Acid In Therapy, Healing
Arts Press one Park St. Rochester, VT 05767 1988. Pg.
51-52.

30. Etdmann Ph.D. The Amino Revolution The
Breakthrough Program That Will Change The Way Fee,
Fireside Simon & Schuster Building 1230 Avenue of
the Americans New York NY. 10020. 1989 Pg 42-49.
31. 1:] Nutr. 2006 Jan;136(1 Suppl):264S-8S. Links
Branched-chain amino acids as fuels and anabolic
signals in human muscle.Rennie MJ], Bohé |, Smith K,
Wackerhage H, Greenhaff P.Medical Sciences,
University of Aberdeen, Aberdeen AB24 3FX, UK.
michael.rennie@nottingham.ac.uk

32. ;] Nutr. 2006 Jan;136(1 Suppl):319S-23S.
LinksPotential importance of leucine in treatment of
obesity and the metabolic syndrome.Layman DK,
Walker DA.Division of Nutritional Sciences, University
of Ilinois, Urbana, II. 16801, USA. dlavman@uiuc.edu
33. A snack enriched with oral branched-chain amino
acids prevents a fall in albumin in patients with liver
cirrhosis undergoing chemoembolization for
hepatocellular carcinoma.Takeshita S, Ichikawa T,
Nakao K, Miyaaki H, Shibata H, Matsuzaki T, Muraoka
T, Honda T, Otani M, Akiyama M, Miuma S, Ozawa E,
Fujimito M, Eguchi K. Nutr Res. 2009 Feb;29(2):89-93.
34. ] Nutr. 2007 Sep;137(9):2074-9.Links Acute oral
leucine administration stimulates protein synthesis
during chronic sepsis through enhanced association of
eukaryotic initiation factor 4G with eukaryotic initiation
factor 4E in rats.Vary TC.Department of Cellular and
Molecular Physiology, Pennsylvania State University,
College of Medicine, Hershey, PA 17033, USA.
tvary@psu.edu

35. Am | Clin Nutr. 2006 Sep;84(3):623-32. Links Co-
ingestion of protein and leucine stimulates muscle
protein synthesis rates to the same extent in young and
elderly lean men.Koopman R, Verdijk I., Manders R],
Gijsen AP, Gorselink M, Pijpers E, Wagenmakers AJ,
van Loon I].Department of Human Biology,
Maastricht University, Maastricht, Netherlands.

r.koopman@hb.unimaas.nl

Huntington College of Health Sciences « 800-290-4226 « www.hchs.edu



36. Long-term leucine supplementation does not

increase muscle mass or strength in healthy elderly
men.Verhoeven S, Vanschoonbeek K, Verdijk LB,

Koopman R, Wodzig WK, Dendale P, van Loon
LJ.Am J Clin Nutr. 2009May;89(5):1468-75. Epub 2009
Mar 25.

37. 2006 American Society for Nutrition J. NUtr.
136:333S-336S, January 2006 Branched-Chain
Amino Acids: Metabolism, Physiological Function,
and Application: Session IV Symposium on
Branched-Chain Amino Acids: Conference
Summary?2 Luc Cynober*? and Robert A. Harris 2
Biochemistry Laboratory, Hétel-Dieu Hospital, AP-HP,
and Biological Nutrition Laboratory, Paris, France and
Depatrtment of Biochemistry and Molecular Biology,
Indiana University School of Medicine,
Indianapolis,INTo whom correspondence should
beaddressed.Email:solange.ngon@htd.ap-hop-paris. fr
38. "Branched-Chain Amino Acid Supplementation
During Trekking at High Altitude", Schena, F., et al,
European Journal of Applied Physiology, 1992;65:394-
398.

39. "Effects of Branched-Chain Amino Acids and
Carbohydrate on Fatigue During Intermittent, High-
Intensity Running," Davis JM, et al, Int ] Sports Med,
1999;20:309-314. http://www.vitasearch.com/get-clp-
summary/23358

40. Teucine. Reference: "Leucine Supplementation

and Intensive Training," Mero A, Spotts Med, June,
1999;27(6):347-358. ...

http:/ /search.vitasearch.com/search?q=leucine+suppleme

ntation+and+intensive+training+&restrict=Summaties&si
te=CP&filter=0&output=xml no dtd&client=CP&proxy

stylesheet=CP&getfields=*&oe=UTT-8
41. "Effect of Branch-Chain Amino Acid

Supplementation on the Exercise- Induced Change in
Aromatic Amino Acid Concentration in Human Muscle",
Blomstrand, E. and Newsholme, E.A., ACTA Physiol
Scand, 1992;146:293-298. http:/ /www.vitasearch.com/get-
clp-summary/10597

42. "Branched-chain amino acids supplementation
attenuates the accumulation of blood lactate dehydrogenase
during distance running," Koba T, Hamada K, et al, |
Sports Med Phys Fitness, 2007; 47(3): 316-322. (Address:
Saga Nutraceuticals Research Institute, Otsuka
Pharmaceutical Co. Ltd., Saga, Japan. E-mail:
koichiro_hamada@tesearch.otsuka.co.jp ).

http:/ /www.vitasearch.com/get-clp-summary/36569

43. "Oral branched-chain amino acid supplementation
improves the oxidized/reduced albumin ratio in patients with
liver cirthosis," Fukushima H, Miwa Y, et al, Hepatol Res,
2007 Jun 15 [Epub ahead of print]. (Address: Department of
Internal Medicine, Gifu University Graduate School of
Medicine, Gifu, Japan). http://www.vitasearch.com/get-clp-
summary/36445

44, Blackburn, Amino Acids Metabolism and Medical
Applications: John Wright and Sons LTD. 823-825 Bath
Road Briston BS4 5NU ,England. 1983; Pg. 277-89.

45. "Perioperative Nutritional Support in Patients
Undergoing Hepatectomy For Hepatocellular Carcinoma”,
Fan, Sheung-Tat, M.S., et al, New England Journal of
Medicine,  December 8,  1994;331(23):1547-1552.
http:/ /www.vitasearch.com/get-clp-summary/13589

46. "Nutritional Supplementation With Branched-Chain
Amino Acids in Advanced Cirthosis: A Double-Blind,
Randomized Trial," Marchesini G, Bianchi G, et al,
Gastroenterology, 2003;124:1792-1801.
http:/ /www.vitasearch.com/get-clp-summary/31221

47. "Amino Acid Supplementation and Exercise
Performance: Analysis of the Proposed Ergogenic Value",
Kreider, Richard B., et al, Sports Medicine, 1993;16(3):190-
209. http:/ /www.vitasearch.com/get-clp-summary/10564
48. Biosci Biotechnol Biochem. 2003 Feb;67(2):372-5.
LinksEffect of a selected amino acid mixture on the
recovery from muscle fatigue during and after eccentric
contraction exercise training.Sugita M, Ohtani M, Ishii
N, Maruyama K, Kobayashi K.Department of Health

& Physical Education, Mie University, Tsu City 514-
8507, Japan.

49. Biosci Biotechnol Biochem. 2001 Sep;65(9):1970-
6. LinksAmino acid supplementation affects
hematological and biochemical parameters in elite
rugby players.Ohtani M, Maruyama K, Sugita M,
Kobayashi K.The Department of Life Sciences
(Sports Sciences), Graduate School of Arts and
Sciences, The University of Tokyo, Japan.

island817 @aol.com.

'l huntington college

cUCHEALTH SCIENCES

For more than two decades, Huntington College
of Health Sciences (HCHS) has offered more than
a conventional undergraduate or graduate
education. Our accredited*, distance learning
degrees and diploma programs also include the
breadth of responsible complementary and
alternative medicine viewpoints, providing our
students with a well-rounded and comprehensive
approach to nutrition and the health sciences:

Master of Science in Nutrition

Bachelor of Health Science in Nutrition
Associate of Science in Applied Nutrition
Diploma in Comprehensive Nutrition
Diploma in Dietary Supplement Science
Diploma in Sports Nutrition

Diploma in Women’s Nutrition

Diploma in Natural Sciences

Diploma in Small Business Management

1204D Kenesaw
Knoxville, TN 37919
865-524-8079 « 800-290-4226
E-Mail: studentservices@hchs.edu
www.hchs.edu.com

*Accredited member Distance Education &
Training Council.

Huntington College of Health Sciences « 800-290-4226 « www.hchs.edu



