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摘　要

(free radicals)
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(imidazole ring)
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關鍵詞：
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ATP

ADP

Pi H
+

(superoxidase dismutase, SOD)

(catalase, CAT) (glutathione 

peroxidase, GPX)

(oxidative 

stress) (

2006 Begum, Cunliffe, & Leveritt, 

2005; Fisher-Wellman & Bloomer, 2009)

H
+

Ca
2+

ATPase

ATP

20 (mmol/kg)

(Begum et al., 

2005; Xu, Zweier, & Becker, 1997)

(Guiotto, Calderan, 

Ruzza,  & Borin ,  2005;  Hipkiss ,  2000; 

Reddy, Garrett, Perry, & Smith, 2005)

H
+

(Begum et al., 2005; 

Culbertson, Kreider, Greenwood, & Cooke, 

2010; Mannion, Jakeman, Dunnett, Harris, 

& Willan, 1992)

肽

一、肌肽的分子結構與代謝

�-

(carnosine synthetase)

(carnosinase)

( 2011

Begum et al., 2005)

Caruso et al. (2012)

�-alanine

�-alanine

�-alanine

Na
+

Cl
–

�-alanine
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�-alanine

(Artioli, Gualano, 

Smith, Stout, & Lancha, 2010; Caruso et 

al., 2012; Harris et al., 2012; Stellingwerff, 

Decombaz, Harris, & Boesch, 2012)

二、肌肽的抗氧化功能

(thiobarbituric acid 

reactive substances, TBARS)

(Drafi et al., 2012)

(imidazole ring)

(Begum et al., 2005; Culbertson et al., 

2010)

( 1)

（一）金屬蜇合 (Chelate)作用

(Culbertson et al., 2010; Kohen, 

Yamamoto, Cundy, & Ames, 1988)

homocarnosine anserine

(Cu
2+

)

(ascorbic acid) Cu
2+

(deoxyguanosine)

(Kohen et al., 1988)

（二）抗醣化 (Glycoxidation)作用

Guiotto et al. (2005)

�, �-

(unsaturated aldehydes)

(glycation end 

products, AGEs)

Hipkiss (2000)

圖 1　肌肽增補對於肌肉中肌肽濃度與抗氧化能力的影響
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(lipofuscin)

AGEs AGE (AGE 

receptors, RAGEs)

（三）pH值緩衝

H
+

pH

(sarcoplasmic reticulum, SR) Ca
2+

-ATPase

Ca
2+

ATP  SR 

Ca
2+

-ATPase ATP

(Begum et al., 2005; Xu et al., 1997)

(imidazole ring) pK 6.83

pH

H+ pH

Ca
2+

RyR Ca
2+

ATPase ATPase

(Begum et al., 2005; Culbertson 

et al., 2010)

pH

(glycoxidation)

 �
肽

一、增補 �-alanine 對肌肉中肌肽
含量的影響

�-alanine 30 ~ 45

�-alanine

10 mg/kg (800 mg)

(Harris 

et al., 2006)

Harris et al. (2006)

3.2 g

6.4 g ( 400 mg 800 mg) 4

42.1 64.2% Hill et al. (2007)

6.4 mg/day

10 4

10 58.8%

80.1%

1.71

�-alanine
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Favero et al. (2012)

60 ~ 80

3.2 g 1.6 g 12

85.4%

6 �-alanine (4.8 g/day)

�-alanine 9

1 ~ 2%

(Baguet et al., 2009; Stellingwerff et al., 

2012)

3 ~ 6 g 4

(> 50%)

800 mg (Stellingwerff et 

al., 2012)

二、肌肉肌肽濃度改變對抗氧化能
力的影響

�- (a-tocopherol)

�-

E

(Chan, Decker, Chow, & Boissonneault, 

1994)

Decker, Livisay, and Zhou (2000)

 �-alanine

Baguet, Bourgois, Vanhee, Achten, and 

Derave (2010)

5 g 7

(100 500 2,000 6,000 m)

(3 ~ 10 )

Smith, Stout, Kendall, Fukuda, and 

Cramer (2012)

H
+

pH ( )

40

(70 ~ 75% )

24

�-alanine

1.6 g (2 × 800 mg)

28 7%

(ventilatory 

threshold, VT)
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(total antioxidant capacity, 

TAC)

(glutathione, 

GSH) 8- (8-isoprostane, 

8-iso) 8-

�-alanine

Belviranli, Okudan, Revan, 

Balci, and Gokbel (2016) �-alanine

creatine (MDA TAC)

creatine

�-alanine �-alanine + creatine

1

pH

3 ~ 6 g �-alanine

800 mg

�-alanine

�-alanine

表 1　�-alanine增補對肌肉中肌肽濃度與運動表現之影響

( ) (g/day)

Harris et al. 

(2006)
21

3.2 4

4 ~ 6.4 4

Hill et al. 

(2007)
25 4 ~ 6.4 10

Baguet et al. 

(2009)
20 4.8 6

Baguet et al. 

(2010)

18

 (17

1  )

5 7

 

( 1 0 0 5 0 0

2,000 6,000 m)

Favero et al. 

(2012)

18  

(60 ~ 80  )
3.2 12

 (75% 

TLIM)

Smith et al. 

(2012)
24 4.8 4

40

 (70% PV)

TLIM (the limit of tolerance) = PV (peak velocity) =  =  = 
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Abstract
While excess free radicals generated in intensive exercise may lead to oxidative 

damages, L-histidine, one of the building blocks of the abundant carnosine (�-alanyl-L-

histidine, a dipeptide formed by �-alanine and L-histidine) in skeletal muscle, contains an 

imidazole ring which contributes to good antioxidative activity. It is able to form chelates 

with copper ions, provide buffering capacity, increase the release of calcium ions, and reduce 

the formation of free radicals in an indirect manner. Studies have shown that �-alanine 

supplements increase the level of carnosine in muscle, improves performance in temporary 

high intensity and moderate to long endurance exercise (which lasts for 3 ~ 10 minutes). 

However, some researches argued that carnosine supplements are associated with a slight 

increase in antioxidative capacity after exercise. This controversy warrants more effort on 

the mechanism of antioxidative activity of carnosine, and it is recommended to focus on the 

oxidative stress associated with different genders, age, and exercise.
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