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Activity of Carnosine and Related Dipeptides+ 
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The electron paramagnetic resonance technique of spin trapping was employed to study the interaction 
of hydroxyl radicals with carnosine and related His-containing dipeptides. His and His-containing 
dipeptides were able to quench 49.1-94.996 of hydroxyl radicals produced by Fez+ and HzOz. The 
hydroxyl radical scavenging activity of dipeptides was in the order @-Ala < yaminobutyric acid (GABA) 
< Gly < His < homocarnosine < carnosine < Gly-His. Nonhydroxyl radicals spin trapped by 5,5- 
dimethylpyrroline N-oxide with similar splitting constants of aN = 15.6 G and aHg = 18.8 G were 
detected from homocarnosine, carnosine, and Gly-His in the presence of the hydroxyl radical generation 
system. The ability of dipeptides and amino acids to inhibit hydroxyl radical catalyzed oxidation of 
phosphatidylcholine liposomes was in the order 8-Ala < Gly = GABA < Gly-His < His < homocarnosine 
< carnosine. These data suggest that the hydroxyl radical scavenging and antioxidant activities of the 
dipeptides are related to the presence of the peptide bond and the amino acid composition of the 
dipeptides. 
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INTRODUCTION 

Carnosine (fl-alanylhistidine) is an endogenous dipeptide 
in animal tissues such as skeletal muscle (Davey, 1960; 
Harris et al., 1990; Plowman and Close, 1988). The 
concentration of carnosine in sketetal muscle ranges from 
1.6 to 20.6 pmol/g, with higher concentrations being found 
in white than red muscle fibers (Davey, 1960; Plowman 
and Close, 1988). The high concentrations of carnosine 
in white fibers led investigators to postulate that carnos- 
ine’s main metabolic function was as a buffering agent 
(Harris, 1990). However, several researchers have found 
carnosine contains antioxidant activity (Auroma et al., 
1989; Boldyrev et al., 1989; Decker and Faraji, 1990; Kohen 
et al., 1988), suggesting that this dipeptide could also 
function to protect tissue against ischemic reperfusion 
injury (Yoshikawa et al., 1991). 

Carnosine inhibits lipid oxidation catalyzed by iron, 
HzOz-activated myoglobin, lipoxidase, photoactivated 
riboflavin (Decker and Faraji, 1990), and peroxyl (Kohen 
et al., 1988) and hydroxyl radicals (Aruoma et al., 1989). 
The antioxidant mechanism of carnosine has been specu- 
lated to be due to chelation of transition metals and/or 
free radical scavenging (Kohen et al., 1988; Decker et al., 
1992). Carnosine is capable of chelating copper (Decker 
et al., 19921, cobalt (Brown and Antholine, 19791, and zinc 
(Yoshikawa et al., 1991). Copper-carnosine complexes 
exhibit superoxide dismutase activity (Kohen et al., 1991), 
and carnosine can complex copper in a manner that 
decreases its prooxidant activity (Decker et al., 1992). 
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al., 1989) and interactions between hydroxyl radicals 
and spin traps as measured by electron paramagnetic 
resonance (Rubtsov et al., 1991; Yoshikawa et al., 1991). 
These data plus carnosine’s ability to inhibit both metallic 
and nonmetallic lipid oxidation catalysts (Decker and 
Faraji, 1990; Kohen et al., 1988) suggest that carnosine’s 
antioxidant mechanism could be due to both chelation 
and free radical radical scavenging. However, observation 
of a carnosine radical, which would provide direct evidence 
of carnosine’s free radical scavenging activity, has not been 
reported. 

The objectives of this research were to use electron 
paramagnetic resonance (EPR) to investigate the forma- 
tion of nonhydroxyl radicals after direct interaction 
between carnosine and related His-containing dipeptides 
with hydroxyl radicals. Since iron is thought to be the 
major lipid oxidation catalyst in muscle foods, and iron- 
hydrogen peroxide system was chosen to generate hydroxyl 
radicals. The structural relationship of carnosine and 
related His-containing dipeptides with hydroxyl radical 
scavenging and antioxidant activities was also evaluated. 

MATERIALS AND METHODS 

Iron(I1) sulfate, hydrogen peroxide (30 % ), carnosine, ho- 
mocarnosine, Gly-His, b-Ala-Gly, b-Ala-Ala, y-aminobutyric acid 
(GABA), His, and soybean phosphatidylcholine were purchased 
from Sigma Chemical Co. The spin trap, 6,6-dimethylpyrroline 
N-oxide (DMPO), was from Aldrich Chemical Co. DMPO radical 
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adducts were not observed in the commercially prepared DMPO 
used in these experiments; therefore, no further purification was 
performed. Double-distilled deionized water was used in all 
experiments. 

Hydroxyl radical generation was initiated by addition of varied 
concentrations of FeSO4 (5 or 10 mM) to a mixture of H202 (5 
mM) and DMPO (10 or 100 mM) in 0.1 M phosphate buffer (pH 
7.4) (Kadiiska et al., 1989). All FeSO4 solutions were prepared 
immediately prior to use. These iron concentrations were chosen 
to maximize hydroxyl radical signal intensity and minimize 
variations in hydroxyl radical production due to low levels of 
contaminating iron. Different amino acids or dipeptides were 
added to the hydroxyl radical generation system after addition 
of H202 and DMPO and prior to FeSO4 addition. Iron was added 
to the mixture in the EPR cavity. Dipeptide concentrations used 
were similar to those found in skeletal muscle (Plowman and 
Close, 1988). 

The reactive solution was mixed and transferred to a quartz 
flat cell which was centered in a TM EPR resonant cavity for 
EPR analysis. Spectra were recorded at room temperature using 
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Table 1. Hydroxyl Radical (OH') Quenching and 
Antioxidant Activity 




