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Abstract OBJECTIVES: This contribution presents the results of the kinetics of HA degrada-
tion by peroxynitrite, which represents one of the main reactive oxygen species
degrading various biomacromolecules under inflammatory conditions.

METHODS: Two simple procedures have been adapted to prepare sodium perox-
ynitrite: the first containing an excess of H,0,, and the second in which the H,0,
excess had been decomposed by MnO, treatment. The kinetics of hyaluronan
degradation by action of peroxynitrite was monitored by rotational viscometry.
RESULTS: High-molecular-weight hyaluronan was degraded by peroxynitrite. The
degradation was increased in the presence of ONOO- previously treated by MnO,
in order to remove residual hydrogen peroxide. One of the reasons of this finding
could be that by the action of the residual metal the pathway of ONOO- decom-
position starts to be manifested immediately on mixing traces of metals originally
present in the HA sample with the ions of manganese.

CONCLUSIONS: Trace amounts of transition metal(s) should be taken into consid-
eration on evaluating the experimental results. Purchase of the marketed peroxyni-
trite product appears to be the appropriate approach to simplify and standardize the

quality of ONOONa.

Abbreviations Introduction

MDa - megagram/mol Peroxynitrite anion (ONOO~-) is a reactive spe-
Mw - molecular weight cies generated in vivo by fast recombining reactions
EPR - electron paramagnetic resonance between superoxide anion radical (O,*-) and a free
NMR - nuclear magnetic resonance . oy .

HA - hyaluronan radical of nitric oxide (NO*): the second order rate
rpm - rotational speed per minutes constant equals 6.7 x 10° M-1.s-1 [10]. Large quanti-
n - dynamic viscosity ties of O,*~ and NO* are produced by neutrophils
€ - extinction coefficient

and monocytes upon inflammatory stimulation
[5]. It may be relevant to point out, however, that
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the hydrogenated form of peroxynitrite anion, ONOOH,
is a weak acid with a pKa value of 6.8 [14]. Thus under
slight acidosis accompanying inflammation processes,
i.e. at e.g. pH6.8, the ratio of [ONOO-] to [ONOOH]
is 50:50.

The chemistry of peroxynitrite anion as well as that of
peroxynitrous acid may be ofhigh importance, taking into
account that the molecules can undergo several different
decomposition ways by which further reactive/oxidative
species are generated (cf. Scheme 1). The protonation of
ONOO- to peroxynitrous acid, with a half-life of 1 s, is
proceeding to NO* and *OH [2,3,7,20]. The fraction of
the generated hydroxyl radicals however was reported to
range from 0.1-5% [1], through 10 [16] up to 40% [7].

In the presence of CO,, formation of NO,* and
CO;°~ was observed [4,8,13]. In the presence of metal ions,
peroxynitrite decomposition with the formation of NO,*
was reported [11]. Undoubtedly, the formed radicals (*OH,
NO,*) and the cation (NO,*) may play an important role
in physiological/pathophysiological processes.

Biomacromolecules, such as nucleic acids, proteins,
polysaccharides, have often been employed to study
in vitro degradative action(s) of various oxidants. Both
the given biopolymers and the applied oxidative condi-
tions are adjusted usually to mimic “pathological” events
—such asatherosclerosis, rheumatoid diseases, meningitis,
etc. The key task is to detect the chemical and/or physical
changes occurring in the target biomacromolecule.

The effect of peroxynitrite on hyaluronan (HA)
degradation was studied for the first time by Li et al.
[12]. The electrophoretic and viscometric analyses
showed a reduction of HA molecular weight. In the year

2003, Al-Assaf et al. [1] presented the efficiency of the
peroxynitrite anion/peroxynitrous acid system to induce
chain scission of a high-molecular-weight hyaluronan.
The authors observed that while the hydroxyl radicals
were extremely efficient, namely nine of ten *OH caused
HA chain scission, peroxynitrous acid (ONOOH), and/or
the related peroxynitrite anion (ONOO-), was found to
be significantly less efficient in breaking HA macromol-
ecules. Corsaro et al. used the EPR and NMR method to
study the chemistry of HA degradation by peroxynitrite.
The observed data were very similar to those reported for
HA degradation by hydroxyl radicals [6].

This contribution presents results on the kinetics
of HA degradation by peroxynitrite. We compared the
action of two peroxynitrite preparations, one containing
an excess of H,0, and another one in which H,O, had
been decomposed by MnO, treatment.

Materials and methods

Biopolymer

A high-molecular-weight hyaluronan sample
(coded F1750762) with the average-molecular-weight
Mw=1.378 MDa [17].

Chemicals

Analytical purity grade NaCl and MnO, were from
Slavus Ltd., Bratislava, Slovakia. Aqueous solution of H,0,
(=30%) and NaNO, p.a. were purchased from Chemapol,
Prague, Czech Republic, HCI 35% and NaOH extra pure
were purchased from mikroCHEM, Pezinok, Slovakia.
Water used was of redistilled deionized quality grade.
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Scheme 1. Adapted from Radi R. et al., 2001 [15].
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Preparation of peroxynitrite

The substance - ONOONa - can be prepared simply
from NaNO, [4,5]. Briefly: Into 2ml of cold intensively
stirred aqueous solution of NaNO, (0.5M) and H,0,
(0.5M) 1 ml of cold HCI (1.0 M) was added. The solu-
tion of HCI should be injected into the reaction vessel
as one single load, and - immediately (within < 0.5 sec-
ond) - the reaction system should be alkalized with the
addition of a cold NaOH solution (1.0ml; 1.5M). The
formation of ONOONa is indicated by yellow color of
the product. The procedure was performed on ice. The
actual concentration of ONOONa solution was deter-
mined by spectrophotometric measurement at 302nm
(e=1670 M-1.cm™!) directly before the HA degradation
study.

The peroxynitrite solution was divided into two
parts: Part 1: The unreacted H,0, was decomposed by
addition of 4 mg of MnO, powder per each 1 ml of the
peroxynitrite solution during one-hour storage in a cold
and dark place (solution A). Part 2: ONOONa solution
without addition of MnO, (solution B).

Inactive ONOONa solution, used as a control, was
produced by the same procedure, except that addi-
tion of NaOH followed 10s after the addition of HCI
(solution C).

Hyaluronan degradation study by rotational viscometry

For the degradation studies, 20.0 mg of HA sample
was dissolved in 0.15M aqueous NaCl in two steps: first,
4.0ml solvent was added in the morning, next 3.36 ml
(A, C), or 3.54 (B) ml portion of the solvent was added
after 6h. The solution was kept overnight in the dark, at
room temperature. The following morning, two different
volumes of the working ONOONa solution were mixed:
640 ul (12.5mM solution A and unknown concentration
of solution C), or 460 pl (17.3 mM solution B) to yield the
final concentration 1 mM at 30 s moderate stirring.

The resulting solution (8.0ml) was immediately
transferred into the Teflon® cup reservoir of the rota-
tional viscometer. The record of the viscometer output
parameters started 2min after onset of the experiment.
The changes of dynamic viscosity () and torque were
monitored at 25+0.1°C by using a digital rotational
viscometer Brookfield LVDV-II+ PRO (Brookfield Engi-
neering Labs., Inc., Middleboro, MA, U.S.A.) equipped
with a cup-spindle pair built of Teflon® at our laboratory
[19]. At the spindle rotational speed of 180rpm, the
shear rate was 237.6 s~1. The HA sample degradation was
monitored in 3 min intervals for up to 120 min or up to
the viscosity value 5.80 mPaes.

Results and discussion

Figure 1 represents the kinetics of hyaluronan deg-
radation by different oxidative systems. Curve “HA”
indicates that in the case of a simple hyaluronan solution,
without any oxidants, the dynamic viscosity increases
slightly due to a well-known phenomenon of rheopexy

Neuroendocrinology Letters Vol.27 Suppl.2, December 2006 « Copyright © Neuroendocrinology Letters ISSN 0172-780X www.nel.edu

Hyaluronan degradation by peroxynitrite

[18]. However, as evident from curve C, addition of
even a small amount of solution C resulted in a slight
but significant decrease of the n value within the first 11
minutes. Afterwards, the HA solution was again charac-
terized by a slight rheopexy. Curve B is direct evidence of
the degrading action of peroxynitrite. As seen, the value
of n decreases from the initial value of 9.76 mPaes at
2 minutes to the value n = 5.80 mPaes within the further
time period of 109 min. A relatively unexpected result
is represented in curve A, documenting only the action
of pure peroxynitrite — free of any traces of H,0,. As
evident from the curve A, in the whole time interval
investigated the n values were significantly lower than
those values represented in curve B.
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Figure 1. Kinetics of HA degradation. Biopolymer solution incu-
bated in absence of ONOONa (HA); in presence of inactive
ONOONa (C); with addition of 1 mM ONOONa not treated (B) or
treated with MnO, (A).

This observation indicates, although indirectly, the
well-known effect of residual trace metals in HA on the
dynamic viscosity of its solutions [9]. Degradation of
hyaluronan by a direct action of peroxynitrite appears
to be unlikely. As reported in the section Introduction,
peroxynitrite anion can undergo several different decom-
positions (cf. Scheme 1). The presence of transition metal
ions manganese ions with traces of metals originally
present in the HA sample - can induce decomposition
of peroxynitrite, resulting in generation of a mixture
of further reactive/oxidative species [2]. Manganese
ions dissolved presumably in the peroxynitrite solution
during MnO, treatment under alkaline conditions.
The degradation of high-molecular-weight hyaluronan
occurs probably by the action of the above mentioned
reactive/oxidative species.

It is well-known that attack of *OH on hyaluronan
triggers a cascade of chain reactions with generation
of hyaluronan-radicals [17]. Decomposition of these
radicals, namely hydroperoxides, was induced by transi-
tion metal ions. This process yields alkoxyl radicals,
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which are presumed intermediates of the chain splitting
of the hyaluronan macromolecule. In the action of
peroxynitrite/peroxynitrite-decomposition species on
hyaluronan we assumed a similar cascade of chain reac-
tions as well as the effect of metal ions to be involved in
the decay of HA-radicals.

Thus the presence of transition metal ions in the
peroxynitrite solution can accelerate HA degradation in
two ways: by decomposition of peroxynitrite as well as
by decomposition of HA-radicals. Purchase of the very
recently marketed product peroxynitrite (e.g. Alexis
Corporation, Lausen, Switzerland) appears to be an
appropriate approach to simplify and standardize the
quality of ONOONa for studies on the degradation of
targeted biomacromolecules.
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