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Carnosine, homocarnosine and anserine might act as anti-oxidants and free radical scavengers in vivo. In the

present study, the protective effects of carnosine and related compounds on the H2O2-mediated cytochrome c

modification were studied. Carnosine, homocarnosine and anserine significantly inhibited the oligomerization

of cytchrome c induced by H2O2. All three compounds also inhibited the formation of carbonyl compound and

dityrosine during the incubation of cytochrome c with H2O2. These compounds effectively inhibited the

peroxidase activity in the cytchrome c treated with H2O2. The results suggested that carnosine, homocarnosine,

and anserine might protect cytochrome c against H2O2-mediated oxidative damage through a free radical

scavenging. 
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Introduction

Histidine dipeptides, carnosine (β-alanyl-L-histidine), homo-

carnosine (γ-amino-butyryl-L-histidine) and anserine (β-

alanyl-1-methyl-L-histidine) are present in the muscle and

brain tissues of human and other vertebrates in relatively

high concentrations (1-20 mM).1,2 Although their physio-

logical roles have not been fully established, these com-

pounds have been postulated to have numerous biological

functions including pH buffering, regulation of enzyme

activity, and inhibition of oxidative reactions. It has been

reported that carnosine and related peptides are able to

inactivate reactive oxygen species (ROS), scavenge free

radicals, and chelate prooxidant metals.3-6 Because of the

interesting biological activities of carnosine, some potential

medical uses of these peptides have been suggested such as

in the treatment of gastric ulcers, arthritis, inflammation, and

diseases caused by active oxygen.7 

Cytochrome c is well known as the penultimate electron

transport protein of the eukaryotic respiratory chain.8

However, recent discoveries implicate this protein has two

other biological processes, apoptosis and oxidative stress.9,10

Apoptosis, also called programmed cell death, is key to

development and is linked to human diseases, including

cancer and neurodegeneration.11,12 The cellular damage

associated with oxidative stress has also been associated

with several diseases, such as Parkinson’s disease (PD).

Specially, it has been shown that cytochrome c is co-

localized with α-synuclein aggregates in Lewy bodies which

are the pathological hallmarks of PD13 and that cytochrome

c catalyzes the H2O2-induced aggregation of α-synuclein.10 

In addition to the function of electron transfer, cytochrome

c catalyzes peroxidase-like reaction in vitro.14-16 It catalyses

several reactions such as hydroxylation and aromatic oxida-

tion and shows peroxidase activity by oxidation of various

electron donors such as 2-keto-4-thiomethyl butyric acid,

and 4-aminoantipyrine. Recently, it was reported that

hydrogen peroxide oxidized cytchrome c to a peroxidase

compound I-type intermediate, in which one oxidizing

equivalent is present as an oxoferryl heme species and the

other is present as the protein tyrosyl radical.17

Oxidative modification of proteins implicated in the

development of many human diseases and aging.18,19 The

damage that oxidative stress causes to proteins includes side

chain modification and main chain fragmentation. Two

biological markers for oxidative damage in proteins are the

accumulation of carbonyl compounds and the accumulation

of dityrosine.19 Such an oxidative modification is an indi-

cator of oxidative stress and may be significant in several

physiological and pathological processes.20,21 Carnosine and

related compounds prevents protein modification by

scavenging free radicals,22 lipid perodative products,23 and

carbohydrate oxidation products.24 Since the oxidative

modification of cytochrome c is associated with neuro-

degenerative disorders, protective effects of carnosine and

related compounds, in part, may provide a potential thera-

peutic method for pathogenesis that involve the oxidative

damage of protein mediated by ROS. Although much has

been written on anti-oxidant and free radical scavenging

activities of carnosine and related compounds, the protective

effects of these compounds on the modification of cyto-

chrome c by oxidative stress have not been reported. In the

present study, the protective effects of carnosine and related

compounds on the modification of cytochrome c induced by

H2O2 were investigated. Carnosine, homocarnosine and

anserine effectively inhibited the oligomerization of cyto-

chrome c induced by H2O2. In addition, it was found that

carnosine and related compounds inhibited the formation of

carbonyl compounds and dityrosine in the protein which had

been treated with H2O2. 

Materials and Methods

Materials. Bovine cytochrome c, dinitrophenyl amine,
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carnosine, homocarnosine and anserine were purchased

from Sigma. Acrylamide, sodium dodecyl sulfate (SDS) and

Chelex 100 resin (sodium form) was obtained from Bio-

Rad. All materials were treated with Chelex 100 resin. 

Analysis of cytochrome c oligomerization by H2O2. 100

μM Cytochrome c was incubated with 1 mM H2O2 in 10

mM potassium phosphate buffer (pH 7.4) at 37 oC for 2 h.

After stopping the reaction by adding catalase to a final

concentration of 100 μg/mL, aliquots were diluted 4 ×
concentrated sample buffer (0.25 mM Tris-HCl, 8% SDS,

40% glycerol, 20% β-mercaptoethanol, 0.01% bromophenol

blue) and were boiled at 100 oC for 10 min before electro-

phoresis. An aliquot of each sample was subjected to SDS-

polyacrylamide gel electrophoresis (PAGE) as described

Laemmli25 by using a slab gel (stacking gel, 2.5% acrylamide,

and separating gel, 18% acrylamide). For immunoblotting,

the proteins on the polyacrylamide gel were electro-

phoretically transferred to nitocellulose membrane which

was, in turn, blocked in 5% nonfat milk in Tris-buffered

saline (TBS: 20 mM Tris, 0.2 M NaCl, pH 7.5) containing

0.05% tween-20 (TTBS). The membrane was incubated for

1 h at room temperature with anti-cytochrome c antibody (1

: 400) in TTBS. The membrane was washed by TTBS and

incubated again with peroxidase labeled secondary antibody.

The protein bands were visualized with enhanced chemi-

luminescence kit (PerkinElmer).

Preparation of anti-cytochrome c antibody. The puri-

fied cytochrome c was mixed with an equal volume of

complete Freund’s adjuvant and was injected into a rat. Two

booster injections with incomplete Freund’s adjuvant at

three-week intervals were followed by a final injection. Two

weeks after a final injection, the rat was bled and the

antiserum collected.

Detection of protein carbonyl compound. The carbonyl

content of proteins was determined by immunoblotting with

anti-DNP antibody as described elsewhere.26 Both native

and oxidized proteins were incubated with 20 mM DNPH in

10% (v/v) trifluoroacetic acid at room temperature for 1 h.

After incubation, a neutralization solution (2 M Tris) was

added at room temperature for 15 min. After SDS-PAGE of

the derivatized protein with 18% polyacrylamide gel, the

proteins were transferred onto a nitrocellulose sheet and then

probed with rabbit anti-DNP sera, used a dilution of 1 :

1000. The detection method used alkaline phosphatase-

labelled goat anti rabbit IgG with the BCIP/NBT detecting

system (Bio-Rad).

Measurement of peroxidase activity of cytochrome c.

The peroxidase activity of cytochrome c was measured by

using a chromogen, 2,2'-azinobis-(2-ethylbenzthiazoline-6-

sulfonate) (ABTS).27 ABTS is water-soluble and has a

strong absorption at 340 nm with a molar extinction

coefficient ε340 of 3.66 × 104 M−1cm−1.28 On oxidation, ABTS

forms a stable blue-green product presumed to be the cation

radical, ABTS+• is conveniently followed at λmax at 415 nm

(ε415 = 3.6 × 104 M−1cm−1).29 The assay mixture contained 10

mM potassium phosphate buffer (pH 7.4) and 50 μM ABTS

and 0.3 mM hydrogen peroxide and 5 μM protein in a total

volume of 1 mL. The reaction was initiated by addition of

hydrogen peroxide and the increase in absorbance at 415 nm

was measured by using a UV/Vis spectrophotometer

(Shimazu 1601). 

Results and Discussion

When cytochrome c was incubated with 1 mM H2O2, the

protein oligomerization occurred (Fig. 1A, B and C, lane 2).

Effects of carnosine, homocarnosine and anserine on the

oligomerization of cytochrome c by H2O2 was investigated.

These compounds showed a concentration-dependent inhibi-

tion of the cytochrome c oligomerization induced by H2O2

(Fig. 1A, B and C). It has been shown that protein oxidation

is accompanied the conversion of some amino acid residues

into carbonyl derivatives.26 The carbonyl content of protein

can be measured using phenylhydrazine formation reaction.

The method for detecting carbonyl-containing proteins

employs derivatization with 2,4-DNPH followed by analysis

with anti-DNP sera in a immunoblotting procedure.30

Results obtained from the immunoblotting analysis of H2O2-

treated cytochrome c are shown in Figure 2. The incubation

of cytochrome c with 1 mM H2O2 resulted in the formation

of carbonyl compounds (Fig. 2A, B and C, lane 2). Carno-

sine, homocarnosine and anserine protect the formation of

Figure 1. Effects of carnosine, homocarnosine and anserine on the oligomerization of cytochrome c by H2O2. Cytochrome c was incubated
with 1 mM H2O2 in various concentration of carnosine (A) homocarnosine (B) and anserine (C) at 37 oC for 2 h. Lane 1, cytochrome c
control; lane 2, incubated with H2O2; lane 3, 5 mM effectors; lane 4, 10 mM effectors; lane 5, 20 mM effectors; lane 6, 50 mM effectors.
Analysis of protein oligomerization was performed by immunoblotting. 
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carbonyl compounds (Fig. 2A, B and C). Since carnosine

and related compounds are good scavengers of free radicals,

the prevention of protein carbonyl formation may be due to

the free radical-scavenging activity of these compounds.

However, carnosine can react non-enzymatically with carbonyl

groups on proteins, a process termed “carnosylation”.31 Both

prevention and removal of protein carbonyl may act an

important role in the protection of cytochrome c against

oxidative stress. It has been reported that o,o'-dityrosine

crosslink formation between dityrosine residues may play a

part in the formation of oxidative covalent protein cross-

link.19 The effects of carnosine and related compounds on

the formation of o,o'-dityrosine during the incubation of

cytochrome c with H2O2 were investigated by measuring

fluorescence emission spectrum between 340 and 500 nm

with an excitation at 325 nm. The incubation of cytochrome

c with 1 mM H2O2 led to the formation of o,o'-dityrosine

crosslinks whereas carnosine, homocarnosine and anserine

inhibited the formation of o,o'-dityrosine (Fig. 3). 

The damage that oxidative stress causes to proteins includes

side chain modification and main chain fragmentation. Two

biological markers for oxidative damage in proteins are the

accumulation of carbonyl compounds and the accumulation

Figure 2. Effects of carnosine, homocarnosine and anserine on the formation of carbonyl compounds in the cytochrome c and H2O2 system.
Cytochrome c was incubated with 1 mM H2O2 in various concentration of carnosine (A) homocarnosine (B) and anserine (C) at 37 oC for 2
h. Lane 1, cytochrome c control; lane 2, incubated with H2O2; lane 3, 5 mM effectors; lane 4, 10 mM effectors; lane 5, 20 mM effectors; lane
6, 50 mM effectors. Analysis of carbonyl compounds was performed by using anti-DNP antibody. 

Figure 3. Effects of carnosine and related compound on the
formation of dityrosine in H2O2-mediated cytochrome c

modification. 100 μM cytochome c was incubated with 1 mM
H2O2 in various concentration of carnosine and related compound
at 37 oC for 2 h. Reactions were stopped by adding catalase to a
final concentration of 100 μg/mL and an aliquot was analyzed by
fluorescent spectrometer. Data represent the means S.D. (n = 3-5). 

Figure 4. Effects of carnosine, homocarnosine and anserine on the formation of ABTS+• by the reaction of cytochrome c with H2O2. The
reaction mixture was contained 50 μM ABTS, 5 μM cytochrome c, 0.3 mM H2O2 in 10 mM potassium phosphate buffer (pH 7.4), in
absence of effector ( ● ), in presence 0.1 mM ( ■ ), 1 mM ( □ ) effectors. The absorbance was monitored at 415 nm for 2 min. 
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of dityrosine.19 It has been reported that ·OH might play a

role in the formation of carbonyl compounds and dity-

rosine.32 Therefore, the present results suggested that carno-

sine and related compounds inhibited the formation of

carbonyl compounds and dityrosine in the modified cyto-

chrome c through a mechanism of free radical scavenging.

The reaction of ABTS with ·OH forms a stable blue-green

product presumed to be the cation radical, ABTS+•. This

reaction can be used to detect ·OH production, although it is

unclear whether or not some other reactive oxygen species

can also react with ABTS. When cytochrome c was incubat-

ed with H2O2 in the presence of carnosine, homocarnosine

and anserine at 37 oC, all compounds significantly inhibited

the peroxidase activity of cytochrome c (Fig. 4). It has been

reported that iron ions might play a role in the peroxidase

activity of cytochrome c.16 Carnosine and related com-

pounds have not been found to chelate iron in a manner that

reduces its prooxidant activity.1 It has been reported that

carnosine and related compounds quench 50-95% of

hydroxyl radicals produced in the Fenton reaction.33 Thus it

can be assumed that the ability of carnosine and related

compounds to inhibit H2O2-mediated cytochrome c modi-

fication was likely due to free radical scavenging activity. 

The modification of cytochrome c, in part, may be respon-

sible for the deleterious effects observed by mitochondria

dysfunction. Therefore, it was suggested that carnosine and

related compounds might protect cells from the deleterious

effects by H2O2-mediated cytochrome c modification. 
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