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Abstract  Physiological role of copper complexes
includes many functions and a special place occupies
participation in lipid oxidation of biological membranes.
Chain oxidation of ethyl oleate in micellar solution in the
presence of copper (II) complexes with a-alanine as a
catalyst were decomposed. The results obtained indicated
parallel of formation and decomposition of primary and
secondary products in catalytic lipid oxidation. We proposed
mechanism of catalytic lipid oxidation, based on the results
obtained and well-known kinetic scheme. Possibility of
participation of copper (I and II) not only in the
decomposition of primary hydroperoxides, but secondary
oxidation products such as «, B-unsaturated carbonyl
compounds are discussed. Activation energies of formation
and decay of lipid peroxidation products were calculated.
The results obtained were (71x1) and (58+1) kJ/mol,
respectively. The assays described herein are similarity to
biological systems.
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1. Introduction

The study of chemical reactions in living organisms, is a
great interest for various fields of chemistry, biology,
physics and medicine. These reactions have a number of
significant features that distinguish them from the majority
of other reactions: they occur in aqueous emulsion medium
involving biological catalysts - proteins and their complexes
with cations of d-elements. One of these elements is copper.

Copper ions have a unique structure to accommodate
distinct or oxygenated form (Cu®"), or is recovered (Cu").

Content of free copper within cells is extremely low,
since the unrelated ions of copper can be toxic. Many of the
well proven biochemical functions of copper in the body,
stem directly from its role of copper-containing enzymes
[1-3], to date there are over 20. Physiological role of its
includes many functions, among which a special place

occupies participation in lipid oxidation of biological
membranes. Copper-containing proteins are involved in the
regulation of biological oxidation and generation of ATP,
synthesis erythrocytes, antioxidant defense cells. For
example, in the Cu/Zn superoxide dismutase (Cu/Zn-SOD),
copper catalyzes the elimination of free radicals. However,
elevated concentrations of copper can be caged prooxidant
properties, participating in the generation of highly reactive
oxygen species (ROS), including the hydroxyl radicals
[3-6].

The importance of ROS in health and disease is now
recognized by every branch of medicine and biological
science. Overwhelming evidence indicates that free radicals
play a role in most major health problems of the
industrialized world, including cardiovascular diseases,
cancer, neurological diseases, and aging, and that
antioxidants play a critical role in wellness, health
maintenance, and the prevention of chronic and
degenerative diseases [7-12].

The study of model systems plays a major role for
understanding of  biologically important reactions
mechanisms, i.e. reactions that are not really biological,
however design some features of biological processes.

It is obvious that the theoretical basis for the
development of methods to diagnose prevent and treat
numerous pathologies, as well as ways of braking lipid
products oxidizing destruction should serve as components
of complex patterns of oxidation in aqueous lipid systems.
The composition of these systems should be similar to the
structure of biological membranes. Research of model
reactions allows to set certain patterns of complex
biological processes on simpler reactions that greatly
facilitates the study of real biological objects.

The kinetic theory of chain oxidation was basically
developed many years ago [7,8,13-18]. In the most simple
form the chain lipid oxidation without catalyst and inhibitor
may be described by the kinetic Sheme 1, where RH is a
substrate of the oxidation; ROOH is a lipid hydroperoxide, P
is a molecular product.

Chain process consists of three main stages: initiation,
chain propagation, and chain termination. Hydroperoxide, a
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principle product of lipid peroxidation, can be also a source
of active free radicals due to its thermolysis or catalytic
destruction. Being conceptually the initiation, the destruction
of ROOH with formation of an active free radical (reactions
(3)) is classified as a special stage — degenerate
chain-branching [18].

Sheme 1. Well-known kinetic scheme of chain lipid
oxidation.

initiation
2RH+0, - 2R+ H,0 (01)
RH+0O,—> R +HO, (02)
chain propagation
R*+0, > RO; 6]
RO; + RH - ROOH +R* 2)
degenerate chain-branching:
ROOH — RO" + HO" 3.1
2ROOH — RO; + RO" + H,0 (3.2)
chain termination:
R°"+R" > P, 4
R"+RO; > P, (5)
RO +RO; > P, (6)

The results of this study get more specific information to
the classical scheme of lipid peroxidation on initiation and
degenerate chain-branching.

In this paper the kinetics of lipid-water systems oxidation
was investigated, including not only the dispersion of lipids,
but also copper complexes with a-amino acid.

In previous research, we have shown different activity of
copper (II) complex with amino acids during the oxidation
of model lipid substrate, containing ethyl oleate in a
micellar solution [19-21]. Using the volumetric [19,20] and
spectroscopic method [21], we earlier demonstrated the
catalytic effect of 1 : 2 copper (II) complex with a-alanine
on the oxidation of lipid substrate. UV spectra of the
samples revealed the competitive nature of the formation
and decomposition of hydroperoxides in the course of
oxidation. Vis spectra of the aqueous phase revealed the
constant presence of copper (II) complex with a-alanine and
the formation of a similar complex with copper (I) in
organic phase. In the present study, the processes of
water—emulsion oxidation in the presence of copper (II)
complexes with a-alanine as a catalyst was evaluated by
analyzing in detail. This research allows us to study lipid
oxidation products of biological systems under controlled
conditions.

2. Materials and Methods

Chemicals. Ethyl oleate was produced from oleic acid of
pure grade by esterification with a fivefold excess of
absolute ethanol in an acidic medium, followed by
extraction with ether and vacuum distillation [22].
Cetyltrimethylammonium bromide of chemically pure
grade were used without any additional purification. Copper
chloride and a-alanine were purified by crystallization.

Aqueous solutions were prepared with doubly distilled
water.

Methods. The testing system was ethyl oleate in the
presence of copper (II) complexes with a-alanine in a borate
buffer, oxidized by molecular oxygen at (25, 37, 60) +
0.2°C at optimum mixing in a micellar solution of
cetyltrimethylammonium bromide [19,20]. Final
concentrations in the solution were: ethyl oleate, 0.7;
emulsifier, (5-15)-10%; copper, (2-3)-10%; and o-alanine,
(4-5) 10> M.

The methods for spectrophotometric analysis described
earlier in [21].

Copper concentration was determined by atomic
absorption  spectroscopy. Emulsion samples were
centrifuged for 15 minutes at 3000 rev/min at different times
of oxidation. The organic phase was separated by extracted
with hexane. Spectra were obtained on a Analytikjena
«Contr AA 700» spectrometer (A = 324,8 nm, argon). The
aqueous phase was separated by extracted with water.
Spectra were obtained on a Shimadzu «AA-6300»
spectrometer (A = 324,8 nm, air-acetylene).

Statistics. All results are expressed as mean values of three
experiments unless otherwise indicated. Statistical analyses
were performed using Student’s ¢ test [23]. Statistical
differences were defined as p< 0.05.

3. Results and Discussion

Isolated —C=C- bonds are characterized by intense
absorption (g€ = 10000) around 190 nm [24]. The introduction
of auxochromes, including hydroperoxides groups
bathochromic translates this strip for 10-40 nm. Carbonyl
groups have a weak band at 260-290 nm (g = 50). Carbonyl
groups associated with the alkene group have strong
absorption at 215-230 nm. The second band transitions for
these compounds, located in the 320-325 nm region is very
weak, with & = 20.

Three determinations were used to evaluate lipid
peroxidation products [21]. The UV spectra of the samples
were characterized by an absorbance band with a peak
maximum (Ap.,) at 202—-204 nm (first band), and with A,
at 230 nm (second band) [21].

First band was a consequence of primary products of lipid
peroxidation (hydroperoxides). Second band was a
consequence of secondary products of lipid peroxidation (a,
B-unsaturated carbonyl compounds).
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Figure 1. Comparison of intensities of first (1) and second (2) bands in time at (4) 24, (B) 37, (C) 60°C oxidation; concentration of the lipid substrate were

(4) 4,5-10™*; (B) 3,0-10™; (C) 1,2:10™* M, respectively.

Fig. 1 shows the changing of intensities of first and second
bands of the time at different temperatures oxidation.
Although both bands kind of change the same at different
oxidation temperatures, there were small but significant
differences among them. The first band within 120 min after
the beginning of the experiment at 37°C (fig. 1A), it reached
maximum value and then gradually declined for the next of
the 100 min. The maximum second band value was
observed after 120 min and reduced by half after 30 min of
incubation time. Both bands attained constant low values at
240 min after the start of the experiment.

Acceleration of formation and decay of oxidation products
processes were observed at a temperature of 37°C (fig. 1B).

The first and the second bands reached a maximum values
through 15 min of oxidation. But maximum concentration of
products absorbing in the first and second bands at both
temperatures studied oxidation, taking into account the
dilution are identical.

Compared with the oxidation at 24 and 37°C decay
processes began to dominate over the processes of formation
in the first 5 min oxidation at 60°C (fig. 1C). After 10-15 min
set extremely low fixed concentration of primary and
secondary products.

The results obtained indicated the presence of parallel to
the formation and decomposition of primary and secondary
products in catalytic lipid oxidation.
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Figure 2. The dependence of formation (1) rates and decomposition rates
of primary (2) and secondary (3) lipid oxidation products on temperature

These results are in agreement with known facts that the
cations are significantly accelerates the decay of
hydroperoxides and oxidation of aldehydes [6,25,26].

The rate of formation (decay) of lipid peroxidation
products were characterized by time z; (7;), when the first
and the second bands reached maximum (constant) value,
respectively.The correlation between /g z and //T showed
good linearity (Fig. 2).

Activation energy (£,) was calculated, as described in
[12], according to the “(/)”:

_ A

8%k M
where #g o is the tangent of the lines in fig. 2; R is gas
constant, 8,314 J/mol-K.

Activation energies of formation and decay of lipid
peroxidation products were calculated. The results obtained
were (71+1) and (58+1) kJ/mol, respectively.

The decrease of E; of lipid oxidation products
decomposition correlates to an optical densities varied
extremely, shown in Fig. 1.

E, formation and decomposition of non-catalytic lipid
oxidation products are reported in [12]. It was 120 kJ / mol.
In this work, the data obtained were lower than in the
literature.

It is known that aqueous solutions of Cu*" are
characterized the strong absorbance in the 780 - 800 nm
range with ¢ = 60 [27]. Complex formation leads to a
hypsochromic shift of the band with a slight increase in the
intensity.

It is known [28] that complexes of copper (I and II) in
organic solvents, are characterized by absorbance in the
region 400-600 nm, depending on the nature of the ligands.

Spectra of the aqueous phase show an absorbance band
with a A, at 620 nm, [21] corresponding to the absorption
of copper coordination compounds (II) with a-alanine. After
first 5-10 min of oxidation absorbance at 620 nm decreased
rapidly and concentration of Cu*" is reduced by ~ 33-39%
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(Fig. 3A). Constant intensity of this band was set throughout
the subsequent oxidation process.

Vis spectra of organic phase had a wide absorption band
in the 600-800 nm region with A, at 670 nm [21].
According to the literature the turquoise color is known for
some of the complexes Cu'* [27,28], a band with A, at 670
nm probably corresponding to similar copper coordination
compounds (I).
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Figure 3. Changes in absorbance at 620 (4) and 670 (B) nm in time.

The intensity of this band increased in 2-5 times within
10-30 min of oxidation and then remains at a certain level
for the rest of the experiment (Fig. 3B).

These results are suggested with the atomic absorption
spectroscopy data, shown in Table 1.

Table 1. Copper concentration in the sample during oxidation
components of the model system.

oxidation concentration of copper
time, in the sample in phases:
min aqueous organic
mg/L % mg/L %
0 99,72+0,16 78,5 27,28+1,15 21,5
10 92,26+0,15 72,6 34,74+1,50 274
30 87,66+0,02 69,0 39,34+1,15 31,0
100 88,22+0,09 69,46 41,00+1,03 32,3
150 86,40+0,15 68,0 40,60+1,50 32,0

As the data in Table 1 show the copper concentration in
the aqueous phase were decreases and the organic contrary,
were increases during oxidation process. A constant copper
concentration in the organic and aqueous phases were set in
time.

4. Conclusion

By now the molecular mechanism of the oxidation of
lipid complicated biological systems is actually unknown.
We proposed mechanism of catalytic oxidation, based on the
results obtained and well-known kinetic scheme.

In the simplest form, the process may be presented by the
following Scheme 2, where Cul, are a copper complexes
with o-alanine.

Ethyl oleate is oxidized very slowly without the initiator.
Therefore, the initiation of the oxidation process and the
increase of hydroperoxides concentrations (Fig. 1A, B, C
bands /) occurs by copper complexes in reactions ((03),

(04)) (Sheme 2).

The decline in the hydroperoxide concentration, which is
more pronounced with an increase in temperature, is
probably due to the participation of the catalyst in the
decomposition of hydroperoxides, allowing no chain
branching (Sheme 2, reactions (3.3), (3.4), (3'.4")).

The change concentrations of secondary oxidation
products (Fig. 1A, B, C bands 2), is probably due to the
participation of the copper complexes in the decomposition
of a, B-unsaturated carbonyl compounds (Sheme 2, reactions
(05), (1.1)).

Sheme 2. Kinetic scheme of catalytic chain lipid
oxidation.

RH +Cu*L, - Cu™L, +R* +H*

(03)
RH +Cu"L,+0, — Cu’'L, + RO" + HO" (04)
2+ . 1+ +
ROOH +Cu™L, > RO; +Cu"L,+H (3.3)
ROOH +Cu""L, — RO" +Cu*' L, + HO™ (3.4)
R,-(CH,);- CH = CH - ,CH (CH,)s- COOR; + Cu'tL, —>
OfO-H
-Ci’tLy-HO-
R,- (CH,),- CH = CH - ,CH- (CHy)4 - COOR; ———2—"»
—> R,-(CHy);- CH = CH-ch +p
" (3'4)
=0
Ry-(CHy);-CH=CH-CT_ +C L,
H
0
—>R,- (CH,),-CH=CH -C= _ +Cu!"L, + H ©5)
0
Ro- (CHy)s- CH = CH -+ 07— Rs-CZ_ |
0=0 (1.1)

In accordance with the proposed scheme, all of the
reactions are competitive and provide the conditions for the
establishment of equilibrium between Cu’ and
Cu**complexes.

We may conclude that the assays described herein are
similarity to biological systems.
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