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The effect of carnosine and its natural derivatives on the generation of reactive oxygen
species by leukocytes and on the myeloperoxidase reaction was studied. The chemilu-
minescence of samples in the course of cell activation was measured in the presence
of luminol or lucigenin. Carnosine was found to produce a two-way effect, i.e., neu-
tralization of singlet oxygen and hypochlorite anion simultaneously with activation of
the system of superoxide-anion generation.

Key Words: carnosine and related compounds; leukocyte oxidative burst; myeloperoxidase

After the direct antioxidant action of carnosine had
been described [3], it was subjected to a thorough
investigation. The compound was demonstrated to be
able to bind singlet oxygen [9], peroxyl radical [13],
hydroxyl radical [7], and hypochlorite anion [6].
However, even the unequivocally proven antioxidant
properties of carnosine [8] failed to give the whole
picture of its biological activity. Its immunosti-
mulatory activity remained unexplained [4], and re-
ports appeared concerning the ability of carnosine
and its derivatives to provoke the reactive oxygen
species (ROS) formation under certain conditions
[10,14]. All this led to the need to compare the ef-
fects of carnosine and its natural derivatives on ROS
generation by leukocytes under various conditions.

MATERIALS AND METHODS

The total preparation of leukocytes was obtained
from 20 ml of heparinized rabbit blood following

M. V. Lomonosov State University, Moscow; *Pittsburgh Uni-~
versity, Philadelphia (Presented by I. P. Ashmarin, Member
of the Russian Academy of Medical Sciences)

10-min hemolysis with 5 volumes of 0.83% NH,Cl
followed by washing with phosphate-buffered saline
(2.7 mM KC], 136.7 mM NaCl, 1.5 mM KH,PO,,
and 8.1 mM Na,HPO,, pH 7.4 [hereafter designated
as Ph-Sal], at 4°C). The cell sediment was resus-
pended in Hanks solution with a final cell concen-
tration of 3-5 min/ml, and stored cooled for not
more than 2 hours before the start of an experi-
ment [S].

Chemiluminescence (CL) of the samples in
the course of cell activation was recorded in the
presence of luminol or lucigenin (both in a con-
centration of 105 M) at 37°C, pH 7.4, on a
PKhL-1 recording chemiluminometer, the cells be-
ing activated with barium sulfate (3 mg per
sample) [1].

Detection of the myeloperoxidase (MP) reaction
was performed by two methods. In one variant, us-
ing the same chemiluminometer, we measured CL
during the enzymatic reaction in the Ph-Sal with
the addition of 40 uM H,0,, 2 nM MP, and 10
M luminol. In the other method, the catalytic ac-
tivity of MP was measured by spectrophotometry
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pochlorite anion. By the second method only
the rate of the enzymatic process could be
evaluated, due to exclusion of the interactions

e e - CHs of the substances with hypochlorite anion.
........ Amserine | OO Carnosine, anserine, and homocarnosine
Homocamosine _ e 7, o used in most of the experiments were synthe-
T acetylnserine [~ 0) O : sized by Sigma (anserine is produced in the
"""""" Ophidine [ T \ form of nitrate). In the experiments with cells
R SO 1o cr SRR ch we also used preparatively isolated carnosine
Asetsleamogine * 7T F—— : (99.5% purity) and anserine (99% purity), who-
PIPES| M se effects were the same as those of commer-
""""""""""""""""""""""""""""""" cial preparations. Ophidine, preparatively iso-
lated from whale muscle (99.9% purity), was
........... Control :j a generous gift of Dr. X. Abe (Kyoritzu Wo-
________ Camosine |}~ men’s University, Japan). Acetylated dipeptide
Ophidine | |—t derivatives synthesized by B. Kh. Shavratskii,
" Acetyloamosine T [T Q. o were of the following purity: acetylcamosine
SR oot L LR N 93% (7% free carnosine); acetylanserine
Homocamosine | . I b N ocr 100%. The purity of carnosine and its de-
Acetylanserine P NH, rivatives was controlled by high-performance

liquid chromatography. Luminol and Hanks

solution were of Russian manufacture; the

other reagents were purchased from Sigma.
The H,O, concentration was estimated

Fig. 1.

Effect of carnosine and related compounds on the maximum
CL signal of leukocytes stimulated by BaSO4, expressed in percentage

by spectrophotometry at wavelength 230
nm, £e=72.4 M-Xcm.

of control (without addition of compounds) in the presence of lucigenin

(top part) and luminol. The test compounds were used in a
concentration of 10 mM; the results of 5 independent experiments and

values of mean square deviations are presented.

in a medium containing o-dianisidine instead of
hydrogen peroxide. A unit of enzyme activity was
defined here as an increment of optical density in
the sample by 0.001 unit for 1 min at wavelength
460 nm [2]. The first method made it possible to
characterize simultaneously the effect of the test sub-
stances on the MP reaction and its product -hy-

TABLE 1. Effect of Carnosine and Related Compounds on the
Level of Maximum CL Signal Induced by the Course of the
MP Reaction (the Concentrations Inducing 50% and 90%
Inhibition of CL are Presented; the Results of a Typical
Experiment Are Given)

Signal inhibition, %
50 90

Compound

0.05 0.5

Taurine

RESULTS

The leukocyte cell activation with barium
sulfate induces a flash of luminescence, and the
shape of the curve is identical regardless of the use
of lucigenin or luminol, although in the case of
luminol ten times fewer of cells are needed to at-
tain the same level of response. The “enhancers”
of the cell response used in our experiments in-
teract with different ROS: lucigenin interacts
mostly with the oxygen superoxide anion, while
luminol reacts also with singlet oxygen and other
ROS, the most abundant of which under the given
conditions is represented by hypochlorite anion
[11]. It was shown accordingly, that the addition
of superoxide dismutase totally inhibits the cell re-
sponse in the presence of lucigenin but only by
70% in the presence of luminol.

In the presence of luminol the addition of
imidazole (10 mM) weakly inhibits the cell re-
sponse, while carmosine produces an effect that is
dependent on the state of the cells, i.e., 10% ac-
tivation in freshly prepared samples, and 20-30%
inhibition in cells prestored for more than 3 h.
In the presence of lucigenin, imidazole did not
produce any visible effect, whereas carnosine mark-
edly enhanced the reaction when introduced mnto
each sample individually and interfered with total
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inhibition of the cell response with superoxide
dismutase.

These experiments show that carnosine mani-
fests a two-way effect. Neutralizing singlet oxygen
and hypochlorite anion, as was shown earlier
[6,9], it simultaneously activates the system of su-
peroxide-anion generation. The equivocal effect of
carnosine on cell activation by barium sulfate in
the presence of luminol may be due to a change
in the ratio between different leukocyte-generated
ROS in the course of cell aging.

We compared the ability of carnosine-related
compounds to affect the BaSO,-induced cell acti-
vation recorded in the presence- of luminol or
lucigenin (Fig. 1). Freshly isolated cells were used
in these experiments. It can be seen that in the
presence of luminol carnosine, ophidine, and
acetylcarnosine produce no reliable effect on the
reaction (slight activation); homocarnosine and
acetylanserine both reliably enhance CL (p<0.05),
and anserine acts as a potent inhibitor of CL.

In the presence of lucigenin all tested com-
pounds (excluding imidazole) enhanced CL, though
to different degrees. The most active were carnos-
ine and homocarnosine, and the least active,
ophidine and acetylcarnosine. These data point to
a certain correlation between the structure and ac-
tivity of the compounds in question. In order to
obtain direct results, we studied the MP reaction
using both methods of recording.

The CL method revealed marked inhibition of
the MP reaction by various carnosine derivatives
(Table 1). Among the inhibitors, anserine proved
the most potent, histidine the least potent, and
homocarnosine and taurine equally potent. Addi-
tional experiments were set up using KNO,, which
had no appreciable effect upon the sample CL
when applied in a concentration of less than 1
mM. Anserine used in the same concentration
exhibited its inhibitory effect in full.

The results obtained could reflect both an in-
teraction of carnosine and its derivatives with OCl-
, a product of the MP-mediated reaction, and their
direct effect on the enzyme. Therefore, we mea-
sured the MP reaction according to the oxidation
of o-dianisidine, performing it in the presence of
the compounds tested (Table 2). Almost all of
them, with the exception of anserine and acetyl-
carnosine, inhibited the reaction rather weakly,
even when given in a concentration of 10 mM. It
should be pointed out that acetylcarnosine, while
unable to bind the reaction product, still signifi-
cantly reduced its rate. Even more potent inhibi-
tory activity was exhibited by anserine; this prod-
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TABLE 2. Effect of Carnosine and Related Compounds on MP
Activity

Compound, 10 mM Activity, % of control
Histidine + f—alanine 81=+19
Homocarnosine IR
Histidine 7517
~armosine . B6=12

50=%8
g

uct also inhibits leukocyte activation measured in
the presence of luminol.

Thus, obviously, the effect of anserine includes
both the removal of the reaction product and direct
inhibition of the enzyme. In the case of carnosine,
homocarnosine, and histidine (alone or mixed with
B-alanine), the inhibition of the reaction is due
mostly to the neutralization of its product.

The findings show that the substitution of p-ala-
nine for the y-aminobutyric acid residue in the carmo-
sine molecule leads to a-reduced function of hypo-
chlorite neutralization, acetylation leads to the loss of
this function, while methylation considerably enhan-
ces it, imparting additional properties to the dipep-
tide. These facts explain the importance of carmosine
metabolism in the organs and tissues of vertebrates.
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