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Abstract―The influence of high-  and low- molecular   additives upon the reduction  of nitrotetrazolium blue 
to formazane in the presence of d-metal cations was studied.  It was shown that the introduction of chelating 
additives did not essentially change the earlier  found regularities in the variation  of anti-  and  prooxidant  
activity within the range  of d-metal cations. In most cases the observed effects may be understood in the terms  
of the theory of hard  and soft acids  and  bases. 

Ions of transition metals in contact with biological 
objects not only become involved into redox processes 
[1–6] but also undergo the complex formation [6–8] 
because both the main monomer units of biomolecules 
like monosachharides [9, 10], amino acids, nitrogen 
bases [11], and biopolymers themselves (nucleic acids, 
homo- [12] and heteropolysaccharides [13], 
phospholipids and proteins [14]) show the pronounced 
tendency to complexation with d-metals. 

Ions of Pb+2, Hg+2, Co+2, Cd+2 are known to form 
strong complexes with amino acids and other bio-
molecules [15]. Most of metal complexes with organic 
ligands are close in their parameters (size, charge 
distribution) to the traditional substrates of the main 
metabolic processes (amino acids, phosphorylated 
carbohydrates) and key regulating molecules such as 
hormones and neuromediators and therefore the 
complxes are able to bind with appropriate receptors 
(the effect of mimikria) [16, 17]. For example, the 
complex of mercury ion with a cysteine molecule 
imitates methionine which is necessary for the 
initiation of protein synthesis and adrenaline [18]. 

Heavy and transition metals are also able to sub-
stitute biometals in biocomplexes. Such substitution 
results in the loss of their biological activity [19]. 

For instance, because of the substitution of zinc ion 
in the molecules of carboanhydrase and amino-
levullinate dehydratase, enzymes taking part in the 

synthesis of heme, for mercury or lead ions their 
deactivation occurs leading to drastic disorders in 
metabolic processes [18, 20]. 

The complex formation leads to pronounced 
deviations in redox properties of d-metal cations, 
cations in higher degrees of oxidation becoming more 
stable [21] which may crucially alter the nature of their 
influence upon the reactions with active oxygen 
species (AOS) resulting in the changes of redox 
equilibrium of the system in vivo. The overall redox 
equilibrium of the living object is characterized by the 
ratio of anti- and prooxidants. 

The reaction of nitrotetrazolium blue reduction to 
formazane is one of the current test methods for the 
estimation of anti- and prooxiddant activity of different 
compounds, solutions of biomolecules, extracts of 
biomaterials [22]. In practice each of these complex 
biological solutions always contains metal cations and 
the understanding of changes in redox properties of 
metal cations in the presence of chelating additives 
both in the natural products and their structural and 
functional analogs plays a crucial role in assessing the 
variation in the ratio of pro- and antioxidants in the 
tested biological object because many pathological 
states are either accompanied with or directly result 
from the disorders in free radical oxidation processes. 

In this connection we carried out an investigation of 
the influence of d-metal cations upon the reaction of 
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Amino acid  composition of gelatin 

Run 
no. 

Amino acid forming the peptide 
chain 

Amount of  amino acid 
residues in gelatin  

molecule 

1 Glycine (Gly) 347 

2 Proline (Pro) 120 

3 Alanine (Ala) 113 

4 4-Hydroxyproline (Hyp) 96 

5 Glutamic acid (Glu) 74 

6 Arginine(Arg) 48 

7 Aspartic acid (Asp) 44 

8 Serine (Ser) 31 

9 Lysine (Lys) 27 

10 Leucine (Leu) 24 

11 Valine (Val) 22 

12 Threonine (Thr) 17 

13 Phenylalanine (Phe) 12 

14 Isoleucine (Ile) 12 

15 Hydroxylysine (Hyl) 5 

16 Histidine (His) 4 

17 Methionine (Met) 4 

18 Tyrosine (Tyr) 1 

Fig. 1. Dependence of the optical density of the reaction 
solution on the concentration of copper(II) cation in water.
[Tetrazolium] = 4.2×10–4 М, [FMS] = 2.8×10–6 М, 
[NАDН2] = 1.16×10–4 М, [EDТА] = 1.2×10–6 М, рН = 7.8, 
τ = 10 min, 20°С, λ = 540 nm. 
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lators in vivo. As it was mentioned above the chelation 
drastically changes the oxidative-reductive properties 
of heavy and transition metal cations. For example, the 
redox potential of Co+2 cation after chelation is so 
strongly decreased that complexes of Co+2 are readily 
oxidized despite the fact that salts of Co+2 are usually 
very stable in aqueous solutions, whereas Co(III) salts 
immediately decompose under the action of water with 
the evolution of molecular oxygen [23]. 

Ethylenediaminetetraacetate (EDTA) and gelatin 
protein were tested as nitrogen-containing chelating 
agents. The ligands were chosen because EDTA is 
known to be one of the most effective chelating agents 
[23] and while gelatin is a natural high-molecular 
ligand simulating the interaction of d-metal cations 
with nitrogen-containing biopolymers in vivo. 

The feasibility of coordination bonds formation for 
the molecule of gelatin is provided by the presence of 
side chains of arginine, lysine as well as nitrogen 
atoms of the imidazolyl fragment of hystidine. 

The abundance of these aminoacids residues in 
gelatin molecule is illustrated by the table [24]. The 
side chains of arginine, lysine, hydroxylysine, and 
hystidine are the most probable centres of chelation. 

Using copper(II) cations as an example, both these 
chelating agents (EDTA and gelatin) were shown not 
to change the main features of the influence of metal 
cations upon the reduction of blue nitrotetrazolium to 
formazane. Earlier Cu+2 cation was shown to slow 
down the process of blue nitrotetrazolium reduction to 
formazane [22]. When ЕDTA is added to the reaction 
mixture, the formazane generation is retarded (Fig. 1).  

Gelatin as an alternative chelating agent also does 
not materially change the influence of copper cation 
upon the reaction of tetrazole reduction to formazane 
(Fig. 2).  

A simultaneous introduction of EDTA and gelatin 
into the reaction mixture also does not alter the 
influence of Cu+2 cation on the reaction of tetrazolium 
reduction to formazane (Fig. 3). 

So both in the presence and in the absence of 
chelating agents copper(II) cation slows down the 
process of tetrazolium reduction to formazane. The 
effect of other investigated metal ions like Cd+2, Ni+2, 
Co+2 cations on the tetrazolium reduction to formazan 
both in the presence and in the absence of chelating 
additives is the same as the effect of copper cation. 

nitrotetrazolium blue reduction to formazane in the 
presence of several active chelating agents. Nitrogen- 
containing compounds were chosen as chelating agents 
because proteins are the main nitrogen-containing 
polymers in vivo performing the overwhelming 
majority of the functions in cells whereas low-
molecular nitrogen-containing compounds act as 
enzyme cofactors, neuromediators, and different regu-
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Fig. 2.  Dependence of the optical density of the reaction 
solution on the concentration of copper(II) cation in water.
[Tetrazolium] = 4.2×10–4 М, [FMS] = 2.8×10–6 М, 
[NАDН2] = 1.16×10–4 М, [gelatin] = 1.1×10–6 М, рН = 7.8, 
τ = 10 min, 20°С, λ = 540 nm. 

Fig. 3.  Dependence of the optical density of the reaction 
solution on the concentration of copper(II)  cations in 
water. [Tetrazolium] = 4.2×10–4 М, [FMS] = 2.8×10–6 М, 
[NАDН2] = 1.16×10–4 М, [gelatin] = 1.1×10–6 М, [EDТА = 
1.2×10–6 М, рН = 7.8, τ = 10 min, 20°С, λ = 540 nm. 

Fig. 4. The influence of different d-metals on the process 
of retardation of nitrotetrazolium blue reduction to form-
azane. [Tetrazolium] = 4.2×10–4 М, [FMS] = 2.8×10–6 М, 
[NАDН2] = 1.16×10–4 М, [Ме] = 5×10–5 М, рН = 7.8, τ = 
10 min, 20°С. 

Fig. 5.  The influence of different d-metals on the process 
of retardation of nitrotetrazolium blue reduction to form-
azane. [Tetrazolium] = 4.2×10–4 М, [FМS] = 2.8×10–6 М, 
[NАDН2] = 1.16×10–4 М, [Ме] = 10–4 М, рН = 5.0, τ =               
10 min, 20°С. 

A linear correlation of the magnitude of the 
inhibiting effect on the tetrazolium reduction to 
formazane with the I2/r parameter is observed, where 
I2 is the second ionization potential and r is the cation 
radius of Me+2 (Figs. 4, 5). 

The negative value corresponds to the inhibiting 
effect on the process of reduction of nitrotetrazolium 
blue to formazane. The linear dependences of the 
extent of inhibition of the reaction of tetrazole 
reduction to formazane on I2/r parameter charac-
terizing the cation are similar in the presence of 
different chelating additives. The slopes of the depen-
dences however significantly differ which may be 
rationalized in terms of the different nature of the 
introduced nitrogen- containing additives. 

In the presence of the protein in the reaction 
mixture the dependence of the inhibiting effect on I2/r 

parameter is 4 times stronger. It should be mentioned 
that the slopes for the dependence of the inhibiting 
effect on I2/r parameter characterizing the cation are 
the same at different pH values of the media (Figs. 4, 5). 
This fact supports our suggestions on the exclusive influ-
ence of the cation nature on the effect being studied. 

In the case of Cd+2 cation the inversion of the metal 
ion effect takes place (Fig. 4), viz., at the high cation 
concentrations the acceleration of tetrazolium 
reduction to formazane is observed. The magnitude of 
the accelerating effect at high concentrations of Cd+2 
significantly depends on the additive nature. In the 
presence of gelatin in the solution the effect of 
acceleration increases many times (about 7.6 times) in 
comparison with the EDTA additive (Fig. 6). 

Though both in the presence and in the absence of 
nitrogen-containing chelating agents the copper cation 
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[gelatin] 1.1×10–6 M 

Fig. 6.  Acceleration of the reaction  of nitrotetrazolium 
blue reduction to formazane under the influence of 
cadmium cation  in the presence of different additives. 
[Tetrazolium] = 4.2×10–4 М, [FMS] = 2.8×10–6 М, 
[NАDН2] = 1.16×10–4 М, рН = 5.0, τ = 10 min, 20°С. 

belongs to the pronounced hard bases group whereas 
gelatin is a representative of highly polarized soft 
bases.  

In the range of cations Cu+2, Co+2, Ni+2 as Lewis 
acids the hardness falls successively from Cu+2 to Ni+2 
[25]. When a soft base, gelatin, is introduced into the 
reaction medium the largest effect is observed for Cu+2 
cation as the softest Lewis acid (the growth of the 
retardation effect amounts to 43%) and the minimal 
effect was shown by Ni+2 which is known as a hard 
Lewis acid (the growth of the retardation effect equals 
12%). 

The influence of EDTA as a hard Lewis base on the 
retardation of the process of tetrazolium reduction to 
formazane is less pronounced and does not show any 
evident relation to the hardness of the cation as a 
Lewis acid. 

Not only the polarizability of chelated cations but 
also their tendency to the oxidative–reductive 
transformations characterized by the value of the 
ionization potential should exert a pronounced 
influence on the binding of the ligand and con-
sequently on the process of tetrazolium reduction to 
formazane as it is the case for free cations. 

Special attention should be paid to the influence of 
chelating additives on the process of blue nitro-
tetrazolium reduction to formazane in the presence of 
cadmium cation. The introduction of gelatin to the 
reaction medium results in the reversal of the observed 
effect: so, the cadmium cation in the presence of 
gelatin considerably (by 32%) accelerates the process 
of tetrazolium reduction to formazane. The amplifica-
tion of the effect in the presence of gelatin is probably 
connected with its more pronounced ability to form 
complexes due to the much higher number of centers 
of coordination in its molecule.  

As it was already mentioned, the formation of 
coordination complexes with d-metal cations usually 
takes place with the participation of nitrogen and 
oxygen atoms of the ligand. Changes in the close 
surrounding of the atoms taking part in the coor-
dination strongly influence the structure of the forming 
chelate and consequently its oxidative–reductive 
properties that may lead even to the changes of the 
initial valence of the metal [23]. 

The comparative affinity of these complex-forming 
agents towards d-metals is unknown, so the inves-
tigation of the simultaneous influence of these 

retards the process of tetrazolium reduction to 
formazane the inhibiting effect considerably varies for 
the given cation in the presence of a chelating additive. 
Thus the values of the inhibiting effect (relative to the 
blanc, %) under the effect of copper cation in the 
absence and in the presence of chelating additives are 
equal to 49% (without additives), 31% (in the presence 
of EDTA), and 66% (in the presence of gelatin). 

EDTA known to form chelate complex through the 
carboxy moieties neutralizing the charge of the metal 
cation reduces the inhibiting effect of the copper cation 
in the reaction of tetrazole reduction to formazane. 
This effect may be due to diminishing the effective 
charge of the cation and lowering its reactivity in the 
oxidation process: 

                               O2
· – + Сu+2 → Cu+1 + О2.                                 (1) 

The introduction of a protein, gelatin, into the 
reaction medium, on the contrary, somewhat increases 
the inhibiting effect.  Such kind of influence of this 
ligand on the process of nitrotetrazolium blue reduc-
tion to formazane is apparently connected with 
negligible changes of the copper cation charge. The 
presence of a large number of easily polarized 
fragments in the protein structure facilitates the 
distribution of additional electron density during 
electron transfer from the superoxide radical ion. 

The principal difference in the nature of ligands 
from the point of view of the theory of hard and soft 
acids and bases (HSAB) should be mentioned. EDTA 
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additives on the process of blue nitrotetrazolium 
reduction to formazane was of great interest. In the 
process of our study it was found that lowering the 
parameter I2/r in the case of simultaneous presence of 
gelatin and EDTA in the reaction medium like the 
same in the case of introduction of only one chelating 
compound results in the lowering of the inhibiting 
effect on the tetrazolium reduction to formazane. The 
dependence of the inhibiting effect upon the nature of 
the cation in the nitrotetrazolium blue reduction to 
formazane in the case of simalteneous presence of 
EDTA and gelatin in the reaction mixture is given 
below:  [tetrazolium] = 4.2×10–4 М, [FMS] = 2.8×10–6 
М, [NАDН2] = 1.16×10–4 М, [gelatin] = 1.1×10–6 М, 
[EDTА] = 1.2×10–6 М, [Ме] = 5×10–5 М, рН = 7.8,      
τ = 10 min, 20°С. 

Indeed, at pH 5.0 the effect of retardation of the 
tetrzolium reduction to formazane turned out to be 
considerably greater in comparison with the effect of 
retardation in the neutral medium, though the influence 
of oxidative–reductive characteristics of the cation was 
negligible. The influence of the oxidative–reductive 
properties of the cation on the effect of retardation of 
the reaction of tetrazolium reduction to formazane 
under the conditions of the simultaneous presence of 
EDTA and gelatin is shown below:  [tetrazolium] = 
4.2×10–4 М, [FMS] = 2.8×10–6 М, [NADН2] = 
1.16×10–4 М, [gelatin] = 1.1×10–6 М, [EDТА] = 
1.2×10–6 М, [Ме] = 5×10–5 М, рН = 5.0, τ = 10 min, 
20°С. 

Cation Cu+2 Co+2 Ni+2 Cd+2 

Percent of retardation, % 48.5 33.7 29.5   8.5 

I2/r, eV/nm [29, 30] 26.013 23.040 22.681 17.078 

In this case the effect of retardation of the 
tetrazolium blue reduction to formazane under the 
influence of d-metal cations (Me+2) (parameter y) in 
the presence of the mixture of chelating additives is 
proportional to the value I2/r (parameter x) charac-
terizing the redox properties of the cation, and it may 
be described with the help of the equation below under 
the following conditions: 
у = 4.40х – 67.65; R2 = 0.9867; : [tetrazolium] = 4.2×10–4 М, 

[FMS] = 2.8×10–6 М, [NАDH2] = 1.16×10–4 М,  
[gelatin] = 1.1×10–6 М, [EDТА] = 1.2×10–6 М,  
[Ме] = 5×10–5 М, рН = 7.8, τ = 10 min, 20°С. 

The slope of the dependence of the retardation 
effect on the value of I2/r however, significantly differs 
from the values observed in the case of the presence of 
only one chelating agent. The slope for the dependence 
tan α = f(I2/r) in the presence of different chelating 
agents is given below: [gelatin] = 4.2×10–4 М,              
[FМS] = 2.8×10–6 М, [NADН2] = 1.16×10–4 М, 
[gelatin] = 1.1×10–6 М, [EDТА] = 1.2×10–6 М, [Ме] = 
5×10–5 М, τ = 10 min, 20°С, рН 7.8 (а), 5.0 (b). 

Condition
s 

without 
additives 

[EDТА] = 
1.2×10–6 М 

[gelatin] = 
1.1×10–6 М 

[gelatin] = 1.1×10–6 М 
[EDТА] = 1.2×10–6 М 

tan α (а) 4.985 2.785 11.184 4.400 

tan α (b) 2.428 1.226 4.248 1.420 

It should be mentioned that the effect exhibited by 
various chelating agents significantly depends on pH 
value of the reaction medium. 

Cation Cu+2 Co+2 Ni+2 Cd+2 

Percent of retardation, % 70 66.7 67.8 57.7 

I2/r, eV/nm [29, 30] 26.013 23.040 22.681 17.078 

The weak effect of the cation nature on the process 
of reduction of nitrotetrazolium blue to formazane in 
the presence of chelating additives in low acidic 
medium (pH 5.0) may be demonstrated by means of 
the correlation equation relating the inhibiting effect in 
the tetrazolium reduction to formazane to the redox 
characteristics of the cation (I2/r) which has a very 
small slope (1.42) under the given below conditions:     
y = 1.42х + 34,02; R2 = 0.9576; [tatrazolium] = 
4.2×10–4 М, [FMS] = 2.8×10–6 М, [NАDН2] = 
1.16×10–4 М, [gelatin] = 1.1×10–6 М, [EDТА] = 
1.2×10–6 М, [Ме] = 5×10–5 М, рН = 5.0, τ = 10 min, 
20°С. 

The influence of pH of the reaction medium on the 
inhibiting effect is not unexpected. Evidently the 
variation of the effect is connected with the changes in 
the charge of the chelating additive. 

At pH 5.0 the guanidine fragment is completely 
protonated (pKa 12.5) [26], the imidazole fragments of 
hystidine are mainly neutral (pKa 6.0) and the 
considerable fraction of carbonyl groups of glutamic 
and aspartic acids are ionized (pKa values are equal to 
4.3 and 3.9 [26], respectively). At pH 5.0 the acetic 
fragments of EDTA are electroneutral. 

Under such conditions the complexation between 
metal cations and the ligands such as proteins and 
EDTA in protonated forms is hampered because of the 
electrostatic repulsion between metal cations and 
protonated ligands. 
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In this connection the influence of the chelating 
additives on the rate of the nitrotetrazolium blue 
reduction to formazane in acidic media in practice is 
not observed. In neutral and low alkaline media at    
pH 7.8 the influence of chelating additives on the 
process of nitrotetrazolium blue reduction to forma-
zane is highly pronounced that is supported by the 
changes in the slope of dependence tan α = f(I2/r) in 
the presence of EDTA, gelatin, and their mixtures. 

The maximum value of the slope is observed in the 
presence of gelatin which is the additive with distinct 
chelating properties. In the presence of EDTA the 
slope of the dependence tan α = f(I2/r) is minimal. 
Therefore the EDTA as a chelating additive when 
coordinating with d-metal cations, totally levels off the 
effect of the cation nature on the process of tetrazolium 
reduction to formazane. Simultaneous presence of 
EDTA and gelatin lowers the value of the slope of the 
dependence tan α = f(I2/r) in comparison with the same 
in the presence of gelatin as a sole additive. 

Consequently gelatin may be treated as a 
differentiating additive, contrary to EDTA as a 
leveling additive relative to the influence of d-cations 
on the process of reduction of tetrazolium to 
formazane. Coordination with soft ligands increases 
the influence of the d-metal cations on the nitrotetra-
zolium blue reduction to formazane. So it may be 
expected that in biosystems the influence of d-metals 
on the processes of free radical oxidation involving 
AOS will grow and the introduction of soft, readily 
polarized ligands will enhance this effect. 

EXPERIMENTAL  

The following reactants were used in this work: a 
solution of nitrotetrazolium blue, Fluka, PFA grade, 
2.8×10–3 M; a solution of phenazine metasulfate 
(PMS) Fluka, PFA grade, 9.2×10–5 M; a solution of 
nicotinamide phosphate (NADH2), Fluka, PFA grade, 
1.9×10–3 M, in tris-EDTA buffer system; a solution of 
food-stuff gelatin, a solution of dimethyl sulfoxide, 
“chemically pure” grade, 13.2 M; the solution of 
ethylenediaminitatraacetate, “chemically pure” grade, 
2.0×10–5 M and a phosphate buffer solution, pH 7.8.  

The experiments were carried out in the following 
way. The blanc and experimental samples were 
prepared simultaneously and contained 2.0 ml of 
buffer, 0.5 ml of tetrazolium solution, 0.1 ml of PMS 
solution, 0.2 ml of distilled water, 0.2 ml of NADH2 
solution. These reagents were added to the control 

sample in the consecutive order. The stop-watch was 
immediately started and the samples were kept in 
darkness at a constant temperature. In 10 min. period 
the optical density was measured at 540 nm against the 
buffer solution.  

The experimental sample was treated in the same 
way but 0.05–0.2 ml of the solution of investigated 
metal salt was added instead of distilled water. The 
free volume was filled with distilled water.  

The chelating additives were added to the reaction 
mixture before the introduction of the metal salt. The 
total volume of the solutions of metal salt and 
chelating additive did not exceed 0.2 ml. When the 
total volume of these two reagents was less than        
0.2 ml, the free volume was filled with distilled water. 

REFERENCES 

  1. Alegria, A.E. and Sancher-Cruz, P., Free Rad. Biol. 
 Med., 2004, vol. 37, no. 10, p. 1631. 
  2. Leonard, S.S. and Harrus, G.E., Shi X., Free Rad. Biol. 
 Med., 2004, vol. 37, no. 12, p. 1921. 
  3. Melidou, M., Riganakes, K., and Galaris, D., Free Rad. 
 Biol. Med., 2005, vol. 39, no. 12, p. 1591. 
  4. Zabotkina, Е.А. and Lasherova, T.B., Usp. Sovr. Biol., 
 2003, vol. 123, no. 4, p. 401.  
  5. Skushnikova, А.I., Domnina, Е.S., Voronkov, М.G, 
 Tiunov, L., Barinov, VА., and Chumakov, V.V., Khim-
 Farm. Zh., 2003, no. 6, p. 28. 
  6. Arasad, A.S., Bao, B., Beck, F.W.J., Kusuk, O., and 
 Sarkar, F.H., Free Rad. Biol. Med., 2004, vol. 37, no. 1, 
 p. 1182. 
  7. Zheng, L.F., Ywei, Q., Cau, Y.J., Fang, J.G., Thou, B., 
 Yang, L., and Liu, Z., Free Rad. Biol. Med., 2006,     
 vol. 41, no. 12, p. 1807. 
  8. Theras, A.J., Ramati, G.J., Teldman, C., Gimmer, H., 
 Visser, S.S., and Sunderson, R., Free Rad. Biol. Med., 
 2004, vol. 36, no. 11, p. 1408. 
  9. Dimanyan, E.R., Ovsepyan, Е.R., and Stepanyan, T.М., 
 Khim-Farm. Zh., 2000, no. 8, p. 16. 
10. Konkina, I.G., Ivanov, S.P., Knjaseva, О.А., Davido-   
 va, V.А., Vasiljeva, Е.V., Karachurina, L.М., Zaru-    
 dii, F.А., Iоnоvа, I.А., Gaipfutdiniva, R.Х., and 
 Murinov, Yu.I., Khim-Farm. Zh., 2007, no. 1, p. 18. 
11. Kazachenko, А.S., Kheper, Е.V., Perjanova, О.V, and 
 Vstavskaya, Yu A., Khim-Farm. Zh., 2000, no. 5, p. 34. 
12. Afzametdinova, N.G., Мurinov, Yu.P., Mulagseliev, I.R., 
 Zarydiy, F.S., Davidova, V.А., aand Ismailova, А.F., 
 Khim-Farm. Zh., 2000, no. 5, p. 26. 
13. Vasilenko, Yu.G. and Kaicheva, N.Sh., Khim-Farm. 
 Zh., 2003, no. 4, p.12. 

RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY   Vol.  80   No.  4   2010 

SHUGALEI et al. 834 



14. Kaliaipur, A.R. and Yao, D., Free Rad. Biol. Med., 
 2005, vol. 39, no. 10, p. 1305. 
15. Skubnevskaya, G.P., Dultseva, G.G., and Dubtsova, Yu.Yu., 
 Ekol. Khim., 2004, vol. 13, no. 1, p. 3. 
16. Rauen, U., Li, T., Sustmann, R., and de Grot, H., Free 
 Rad., 2004, vol. 37, no. 9, p. 1369. 
17. Rauen, U. and Li, T., Free Rad. Biol. Med., 2004,      
 vol. 37, no. 9, p. 1369. 
18. Ershov, Ya.A. and Pletneva, T.V., Mekanizmy 
 toksicheskogo deistviya neorganicheskikh soedinenii 
 (Mechanisms of Toxicity of Neorganic Compounds), 
 Мoscow: Меditsina, 1989, p. 350. 
19. Budnikov, G.K., Soros Educational Journal, 1998,      
 no. 5, p. 23. 
20. Neorganicheskaya khimiya (Inorganic Chemistry), 
 Eichgorn, G., Ed., Мoscow: Мir, 1978, vols. 1, 2. 
21. Graid, P.J., Environmental Aspects of Organometallic 
 Chemistry, Wilkinson, G., Ed., New York: Pergamon 
 Press, 1987, vol. 2, p. 979. 

22. Shugalei, I.V., Ivanova, A.А., Iluyshin, M.А., Tselin-
 skii, I.V., and Sokolova V.V., Zh. Obshch. Khim., 2009, 
 no. 1, p. 132  
23. Kukushktn, Yu.N., Reaktsionnaya sposobnost’ koor-
 dinatsionnykh soedinenii (Reactivity of Coordinated 
 Compounds), Leningrad: Khimia, 1987, p. 288. 
24. Kоtchetkov, N.K., Tоrgov, I.V., and Botvinik, М.М., 
 Khimiya prirodnykh soedinenii: uglevody, nukleotidy, 
 steroidy, belki (Chemistry of Natural Compounds: 
 Carborydrates, Nucleic Acids, Steroids, and Proteins), 
 Moscow: Akad. Nauk SSSR, 1961, p. 559. 
25. Garnovsky, A.D., Sadimenko, A.P., Оsipov, O.A., and 
 Tsinsadze, G.V., Zhestko-myagkie vzaimodeistviya v 
 koordinatsionnoi khimii (Hard-Soft Interactions in 
 Chemistry of Coordination Compounds), Roston-on-
 Don: Rostov Gos. Univ., 1986, p. 272. 
26. Slesarev, V.I., Osnovy khimii zhivogo (The Basis of 
 Chemistry of Living Beings), Sankt-Peterburg: 
 Khimizdat, 2000. 

THE INFLUENCE OF LOW- AND HIGH-MOLECULAR CHELATING ADDITIVES  

RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY   Vol.  80   No.  4   2010 

835 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0033002e00310029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


