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The antioxidant properties of humic substances of low-mineralization sulfidic muds (peloids) were investi-

gated using initiated oxidation of 1,4-dioxane as a model reaction. Four groups of substances including humic,

himatomelanic, fulvic, and humus acids were studied. Kinetic characteristics of the oxidation of humic sub-

stances were determined in terms of effective inhibition rate constants fk
In

. It is established that himatomelanic

acids of peloids exhibit the maximum antioxidant activity among the studied substances.
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pounds, inhibition rate constant.

Excessive buildup of active oxygen species caused by

disruption of pro- and antioxidant systems in vivo is a caus-

ative factor of many diseases such as atherosclerosis, diabe-

tes, etc. Natural antioxidants (AO) in addition to synthetic

drugs have recently attracted more and more attention as less

toxic compounds. In this respect, humic substances found in

medicinal muds are interesting. Biologically active peloid

drugs with a broad spectrum of activity are currently devel-

oped based on them. The possibility of introducing them into

health practice and rehabilitation procedures is being studied.

The chemical composition of humic substances includes

complicated mixtures of high-molecular-weight organic

polyaromatic compounds formed by decomposition of plant

and animal remains through the action of microorganisms

and abiotic environmental factors. Humic substances are

usually separated into fulvic acids (FA), himatomelanic acids

(HMA), humic acids (HA), and humus acids (HsA).

The goal of the present work was to study the antioxidant

properties of humic substances and their separate fractions

isolated from low-mineralization sulfidic muds.

EXPERIMENTAL PART

The antioxidant activity (AOA) of the humic substance

fractions was studied using radical-chain initiated oxidation

of 1,4-dioxane (I) under standard conditions at 348 K and

initiation rate V
i
= 1 � 10

– 7
mol/L·s in the kinetic oxidation

regime as a model reaction [1]. The initiator of the oxidative

processes was azodiisobutyronitrile (AIBN). 1,4-Dioxane

was purified beforehand by the literature method [2]. AIBN

was recrystallized twice from freshly distilled EtOH and

dried in vacuo. Extracts of the substances were used without

further purification. Ionol (2,6-di-tert-butyl-4-methylphenol,

II) was purified by recrystallization from EtOH. The result-

ing crystals were dried and sublimed in vacuo.

Kinetic experiments were performed in a glass reactor

into which a solution of the initiator in I was loaded and

thermostatted for 10 min. Oxygen absorption was followed

using a universal differential manometer, the construction of

which was described in detail [3]. The oxidation rate V
0

was

determined from the slope of the kinetic curve of oxygen ab-

sorption. The oxidation of I was inhibited in the presence of

II and fractions of peloid humic substances. In this instance,

V
in

0
was determined from the initial portion of the kinetic

curve. The initiation rate was calculated using the equation

V
i
= k

i
·[AIBN], where k

i
is the initiation rate constant (s

– 1
).

It was assumed in calculating the initiation rate that k
i
= 2ek

d
,

where k
d

is the AIBN decomposition rate constant and e, the

probability of radical transfer into the bulk. Thus, the value

measured in cyclohexanol was taken as k
d

[4], log k
d

= 17.70 –

35/� (� = 4.575 � T � 10
– 3

, e = 0.5).

AOA was estimated from the degree of reduction of the

initial rate of oxygen absorption during oxidation of the

model substrate in the presence of added substances. The de-

gree of inhibition of the oxidation and the effective rate con-

stant of oxidation chain breaking fk
In

, where f is the AO radi-

cal capacity indicating the number of hydroxyperoxyl radi-

cals consumed per AO molecule in chain-breaking steps,

were used as objective quantitative characteristics of the

AOA of the extracts [1].
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RESULTS AND DISCUSSION

Extracted humic substances exhibited pronounced AOA

according to the experimental results shown in Fig. 1. It was

found that adding the studied compounds to oxidizing I

caused a reduction of the oxygen absorption rate. The HMA

showed the most pronounced AOA.

Figure 1 shows that the inhibition of the oxidation rate as

a function of concentration approaches a limit. The oxidation

rate at concentrations above 6 � 10
– 4

mol/L is independent

of the amount of added peloid substance. This experimental

fact indicates that the chain-breaking mechanism changed.

Namely, the mechanism of quenching of hydroxyperoxyl

radicals of I per inhibitor molecule at this concentration of

the studied substances is linear.

The oxidation rate is given in mol/L because inhibition

parameter F is a relative quantity. The initiated oxidation for

all samples remained chain-like over the whole studied con-

centration range. This fact enabled Eq. (1) to be used to de-

termine fk
In

[1]:

F
V

V

V

V

fk

k V

In

i

� � �0

0

0

0

0

0

6
2

[ ]AO
(1)

where V
0

0
and V

0
are the initial rate of oxygen absorption for

oxidation of I in the absence and presence of inhibitor, re-

spectively; [AO], the concentration of added AO; k
In

and 2k
6
,

rate constants of oxidation chain breaking per AO and qua-

dratic chain breaking per substrate peroxyl radicals, respec-

tively [1]; 2k
6

= 6.67 � 10
7

L/mol·s [3].

It was found that Eq. (1) was obeyed satisfactorily for all

studied substances (correlation coefficient > 0.95).

The quantity fk k V
In i

2
6

� was determined from the

slope of these functions for each sample (Fig. 2).

The linear dependence of the inhibition parameter and

the concentration of the studied acids in the range

(0.25 – 18) � 10
– 4

mol/L indicated that quadratic chain

breaking of initiated oxidation of I dominated in this concen-

tration range.

The degree of oxidation inhibition by HA additives was

estimated based on the experimental results. Also, effective

inhibition rate constants fk
In

were found. The inhibition con-

stant for HA was 3.0; HMA, 23; FA, 2.6; and HsA,

1.3 � 10
– 4

L/mol·s.

The ionol equivalent (IE) was calculated using the for-

mula IE = fk
In

/fk
ionol

. The quantity fk
In

for II that was found

in separate experiments was (1.00 � 0.15) � 10
– 4

L/mol·s.

Table 1 presents the results of the calculations.

The results of our research led to the conclusion that the

HsA, FA, and HA fractions had AOA that was an order of

magnitude less than the classical inhibitor (II). The HMA ex-

tract was about eight times better than HA with respect to the

degree of inhibition of the oxidation process. HA was 1.2 and

2.3 times better than FA and HsA, respectively.

Thus, we determined the kinetic characteristics of oxida-

tion of peloid humic substances. It was shown that extracted

compositions of humic substances exhibit pronounced AOA

according to the effective inhibition rate constants. The AOA

varied in the order HMA–HA–FA–HsA.
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Fig. 1. Initial oxidation rate of I as a function of humic substances

concentration in coordinates of Eq. (1), V
i
= 1·10

– 7
mol/L·s, 348 K.

Here and in Fig. 2, FA (1 ), HMA (2 ), HA (3 ), and HsA (4 ).
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Fig. 2. Inhibition parameter F as a function of humic substances

concentration in coordinates of Eq. (1 ), V
i
= 1·10

– 7
mol/L·s, 348 K.

TABLE 1. Quantitative Characteristics of the Antioxidant Activity

of Humic Substances from Peloids

Sample fkIn·10
– 4

L/mol·s

HA 3.0 � 1.0 3

HMA 23 � 3 23

FA 2.6 � 0.8 2.6

HsA 1.3 � 0.5 1.3
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