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The capacity of carnosine to decrease free radical-induced damage was evaluated using the oxidation of
brain homogenates, the 2,2’-azobis-2-amidino propane-induced oxidation of erythrocyte ghost mem-
branes, the radiation induced inactivation of horseradish peroxidase and the 2,2’-azobis-2-amidino pro-
pane-induced inactivation of lysozyme. Carnosine addition up to 17mM did not produce any significant
protection in either lipid peroxidation system, as assayed by the oxygen uptake rate. Carnosine addition
reduces the intensity of the visible luminescence emitted, apparently due to a dark decomposition of the
luminescent intermediates. Carnosine addition protects horseradish peroxidase and lysozyme from free
radical mediated inactivation. The mean carnosine concentrations required to inhibit the inactivation rates
by 50% were 0.13mM and 0.6 mM for horseradish peroxidase and lysozyme, respectively.
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INTRODUCTION

Aerobic cells have developed different types of defensive mechanisms against active
oxygen species whose formation can lead to deleterious reactions.'? These cellular
defences include protective metal ion chelating, chain breaking and repair processes.’
Skeletal muscle and brain tissue exhibit a relatively active oxidative metabolism,’ yet
the concentration of the antioxidant vitamins E and C, as well as that of reduced
glutathione, are rather low when compared with the levels in liver.*® Carnosine
(B-alanyl-L-histidine) was discovered at the begining of the century in skeletal mus-
cle,® where it is present in the 1-20 mM range in most vertebrates. The dipeptide is also
found at high concentrations in human muscles (2-20 mM), olfactory epithelium and
bulbs (0.3 to SmM), and in different areas of the brain.”® The biological role of
carnosine and other related dipeptides has not been clearly established. However,
several groups have proposed that their action as a defence mechanism against
oxidative stress may represent a major function at cellular level.’ This type of protec-
tive action has been suggested to by exercised by carnosine through a variety of
mechanisms, including chelation of metal ions,'®!" stabilization of the level of natural
antioxidants such as vitamin E°, elimination of pre-formed lipid peroxidation pro-
ducts,”'? interception of singlet oxygen®'*'> and inhibition of lipid peroxidation®'"!*!#
and scavenging of oxidants generated by stimulated neutrophils.'” However, recent
work by Aruoma et al.”® cast doubts on the capacity of carnosine to inhibit lipid
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peroxidation by chelating metal ions and/or by trapping oxygen free radicals. These
authors reported that carnosine is a good scavenger of the hydroxyl radical, but it
does not react with superoxide, hydrogen peroxide or hypochlorous acid at biologic-
ally significant rates. Also, carnosine, as well as homocarnosine and anserine, cannot
bind iron ions in ways that interfere with ‘site-specific’ iron-dependent radical damage
to deoxyribose, nor can they restrict the availability of Cu(Il) to phenanthroline.?
Furthermore, high concentrations of carnosine have only a rather weak inhibitory
effect on iron-dependent lipid peroxidation, but the ability of carnosine to interfere
with a commonly used version of the thiobarbituric acid test, could lead to an
overestimate of the antioxidant capacity of the dipeptide reported in several stu-
dies.*"""' Considering these conflicting results and the physiological®** and thera-
peutic’'**2 relevance of carnosine, we have carried out a study to assess the ability
of carnosine to interfere with the free radical-mediated inactivation of horseradish
peroxidase and lysozyme, and to inhibit lipid peroxidation either in a metal-depen-
dent process (oxidation of brain homogenates®) or in a metal-independent system
(red cell membranes supplemented with 2,2’-azobis-(2-amidinopropane) (ABAP)*).
In the latter systems, the extent of lipid peroxidation was assay by the TBARS test,
oxygen uptake and intensity of the emitted visible luminescence.?*?’

MATERIALS AND METHODS

L-Carnosine, L-histidine, L-tryptophan, f-alanine, horseradish peroxidase type I
(HRP), lysozyme and propyl gallate were obtained from Sigma Chemical Co. 2,2’-
Azo-bis(2-amidinopropane)dihydrochloride (ABAP) was obtained from Polyscien-
ces, Warrington, P.A.

Wistar rats (Facultad de Medicina, Universidad de Chile) were kept on standard
pellet diet ad libitum (Alimentos Balanceados S.A., Santiago). Rat brain homogenates
and erythrocyte ghost membranes were prepared as previously described.”*

Measurements of chemiluminescence intensities were carried out in a Beckman
LS-3150P liquid scintillation counter in the out-of-coincidence mode using the
narrow tritium iso-set module® at 30°C. The oxygen uptake was measured polaro-
graphically at 37°C with a Clark-Type platinum electrode.** Thiobarbituric acid
reactive substance (TBARS) of lipid peroxidation were determined in brain hom-
ogenates and erythrocyte ghost membranes before and after 1 hour incubation at
37°C, according to Busge and Aust,”

Hydroxyl radicals were produced in situ by gamma irradiating samples with a “Co
source for 15 minutes. Irradiation doses of 9.5 Gy/min were employed. For horserad-
ish peroxidase (HRP), samples contained 1M HRP in 0.1 M phosphate buffer,
pH 6.0. Horseradish peroxidase activity was measured by recording the increase in
absorbance at 420 nm produced as a consequence of the oxidation of pyrogallol.™

Solutions of lysozyme (3.4 uM) and/or tryptophan (3.0 uM), with or without
carnosine, were incubated at 45°C in PBS buffer (0.07 M phosphate, 0.017 M NaCl,
pH 6.5) with 10 mM ABAP. Aliquots were withdrawn at different times and analyzed
to obtain the tryptophan concentration and/or the remaining enzymatic activity.
Lysozyme activity was evaluated from the lysis rate of Micrococcus luteus (M.
lysodeikticus) measured by the decrease in absorbance at 436nm.*® Tryptophan
modification was monitored by following the decrease of its fluorescence intensity
(excitation at 295 nm, emission at 345 nm).
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RESULTS AND DISCUSSION

Protection of HRP against inactivation by hydroxyl radicals

Inactivation of enzymes exposed to gamma irradiation is usually a consequence of
their modification by hydroxyl radicals.** Experiments employing HRP as a target
enzyme showed that its inactivation can be prevented by addition of carnosine,
L-histidine or B-alanine. However, the efficiency of these additives is widely different.
Results obtained for carnosine and S-alanine indicate that both additives, at high
concentrations, are able to afford complete protection to the enzyme (Figure 1), a
result that implies that the radicals produced by their interaction with the hydroxyl
radicals are unable, under the present conditions, to inactivate the enzyme. The
concentration of additive required to reduce the enzyme inactivation rate to one-half
that observed in its absence (Q1/2) is 0.13mM for carnosine and 4.5mM for S-al-
anine. These results are in agreement with those reported by Aruoma et al.® for the
inhibition of hydroxy! radical-dependent deoxyribose degradation, showing that
carnosine is nearly 50 times more efficient that f-alanine. The protection afforded by
L-histidine lies between that of carnosine and f-alanine. However, its behaviour
appears to be complex, with the double reciprocal plot exhibiting a strong downward
curvature (data not shown) that could indicate secondary reactions of the radicals
produced after the hydroxyl radical/histidine interaction.

In conclusion, the results obtained in this system show that carnosine, in the mM
concentration range, is able to completely prevent the inactivation of HRP mediated
by hydroxyl radicals.

(1/ % Protection) x 102

1/mM

FIGURE | Dependence of the % of protection with the additive concentration shown as a double
reciprocal plot for carnosine (O) and §-Alanine (®).
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FIGURE 2 Effect of carnosine addition upon tryptophan modification rate induced by ABAP ther-
molysis at 40°C. The data are plotted as R/Ro when R is the inactivation rate in presence of carnosine,
and Ro is the control inactivation rate. ABAP; 10mM, Tryptophan: 3.0 uM.

Protection of enzymes against inactivation by radicals from ABAP thermolysis

Free radicals generated by thermolysis of ABAP in the presence of oxygen lead to
enzyme inactivation.’>* Lysozyme and HRP inactivation is totally prevented by
carnosine addition, if concentrations higher than about SmM are employed. The
(Q1/2) value obtained employing lysozyme was 0.6 mM. In this system, L-histidine
protection was also observed, with a (Q1/2) value of about 1 mM. These data indicate
that the protection afforded by carnosine and L-histidine is relatively mild, since the
efficient antioxidant propyl gallate, at a concentration of 3.4 uM, totally prevents the
enzyme inactivation under similar experimental conditions.*® Furthermore, the (Q1/2)
for tryptophan is 9 uM, a result that indicates that this aminoacid is nearly 200 time
more reactive than is carnosine towards the alkylperoxyl radicals.

Free tryptophan can also be modified by incubation with ABAP.* The rate of the
process can be obtained from the initial slope of tryptophan fluorescence vs time plots.
The rate of the process is reduced by carnosine addition (Figure 2). However, in
agreement with the above considerations regarding the relative reactivity of trypto-
phan and carnosine towards alkylperoxyl radicals, the data of Figure 2 show that
1.6 mM carnosine is needed to reduce to one half the consumption rate of 3 uM
tryptophan.

The results obtained in the present work indicate that carnosine is not particularly
reactive towards alkylperoxyl radicals. However, given the high concentrations of
carnosine present in several tissues and organs,’® its capacity to interact with peroxyl
radicals, might contribute to decreasing protein damage by reactive oxygen species.

Prevention of lipid peroxidation

The action of carnosine as a chain breaking and/or preventative antioxidant was
evaluated in a metal ion-independent system (erythrocyte ghost membranes in the
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FIGURE 3 Luminescence intensity as a function of time during ABAP (10 mM) mediated erythrocyte
membrane oxidation (A) or brain homogenates oxidation (B) in the presence of carnosine: 0 mM (0); 2 mM
(Q); 6mM (a) and 12mM (@).

presence of ABAP*), and in a metal ion-dependent system (brain homogenate
oxidation®®). Addition of mM concentrations of carnosine notably decreased forma-
tion of TBARS in both systems (data not shown). However, it has been demonstrat-
ed”** that carnosine interferes with TBARS determination by the standard pro-
cedure, rendering these determinations invalid to assess antioxidant capacity. The
antioxidant action of carnosine was then evaluated form its effect upon the rate of
oxygen uptake and the emitted luminescence intensity. The results obtained were
different for both parameters. Carnosine did not modify the rate of oxygen uptake in
the erythrocyte ghost membrane-ABAP system when added up to 12 mM, whereas in
the brain homogenate oxidation system, 17mM carnosine decreased the oxygen
consumption by nearly 38%. However, the increases in luminescence intensity asso-
ciated with the erythrocyte membrane oxidation induced by ABAP* (Figure 3A), and
with the brain homogenate oxidation (Figure 3B) are totally prevented by carnosine,
at concentrations of 2 and 6 mM, respectively. In order to elucidate the apparent
higher antioxidant efficiency of carnosine determined by measurements of light
emission, a brain homogenate preparation preincubated for 60 minutes was sup-
plemented with an excess (200 uM) of propyl gallate, and carnosine (12 mM) was
added after a further 30 minutes (Figure 4). The added propyl gallate is enough to
completely inhibit further lipid peroxidation, and the light emitted from the system
can be adscribed to the formation of excited species in the decomposition of the lipid
peroxidation products accumulated in the system.* The data given in Figure 4 show
that carnosine addition elicits a further decrease in the observed luminescence, and
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FIGURE 4 Luminescence of brain homogenate pre-incubated 60 minutes as a function of time elapsed
after propy! gallate (200 uM) addition. (O) Results obtained in presence of propyl gallate. (@) Results
obtained when 12mM carnosine was added at the time indicated by the arrow.

that this decrease does not take place instantaneously. This behaviour can be ascribed
to dark decomposition, by the additive, of the lipid peroxidation products that are
precursors (catabolites) of the luminescent substances.*® We conclude that the effect
of carnosine upon the emitted luminescence is mainly due to its capacity to react with
the non-radical luminescence precursors. It follows that the effect of carnosine upon
the rate of lipid peroxidation cannot be evaluated from luminescence intensity mea-
surements. The compounds that are precursors of the visible luminescence are not
known, but its has been postulated that they might be dioxetanes and/or hyd-
roperoxides.’™® In this regard, it is relevant to note that it has been reported that one
of the main roles of carnosine in biological systems relates to its capacity to decom-
pose gre-formed peroxide products generated during the lipid peroxidation pro-
cess.”

In conclusion, carnosine does not prevent metal ion-independent oxidation of red
cell membranes, and has only a small effect upon the brain homogenate oxidation
rate, when employed in high concentration. These results confirm those reported by
Aruoma et al.” showing that carnosine has a weak inhibitory effect at high concentra-
tions in some (but not all) systems in which an iron-mediated lipid peroxidation
occurs. In the brain homogenate system the weak effect observed could be due either
to partial trapping of the chain carrying radicals to and/or a reduction of the initiation
rate as a consequence of a weak iron ion-chelating capacity.'®!' It is interesting to note
that the behaviour of the dipeptide is sustantially different to that of its aminoacids.
Histidine, when added in millimolar concentrations, has been reported to be a
powerful pro-oxidant in Fe-dependent lipid peroxidation.'' However, in the brain
homogenate oxidation, addition of L-histine or S-alanine up to 12mM did not
produce any noticeable effect upon the emitted luminescence or the oxygen consump-
tion rate. These differences can be accounted for by the high specificity of the response
of metal mediated lipid peroxidation systems to the addition of metal chelators.'®!
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