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ANTIOXIDANT PROPERTIES OF BROWN COAL HUMIC SUBSTANCES

Humic substances (HS) belong to a fairly common class of organic compounds in nature, which are a component of soils, peat,
lignite and sapropels. Some properties of humates (salts of humic acids) make it possible to use them in various fields — crop pro-
duction, animal production, well drilling and soil structuring. The biological and chemical activity of humic substances is well
known. It is caused by the presence of such functional groups as carboxyl, hydroxyl, carbonyl, nitrogen- and sulfur-containing in
the composition of GR macromolecules. This fact also serves as a basis for a more extensive study of other properties of GR,
namely antioxidant activity.

Purpose. Deepening and expanding the understanding of the biological and antioxidant activity of lignite humic (HA) and
hymatomelanic (HmA) acids, determining its nature and evaluating the prospects of its use in little-studied processes of oxidation
of organic and consumer substances.

Methodology. The paper used a photocolorimetric method for determining the antiradical activity (ARA) of two components
of humic substances of domestic lignite - humic and hymatomelanic acids. The antioxidant activity (AOA) of humic and hyma-
tomelanic acids from lignite was determined using the gas volumetric method, evaluating the rate of reaction inhibition using the
example of the initiated liquid-phase oxidation of cumene with oxygen.

Findings. It was established that humic acids exhibit more pronounced antioxidant properties in the processes of radical-chain
oxidation of hydrocarbons compared to hymatomelanic acids. The total AOA of HA is 1.68 relative units, which is almost three
times higher than this figure for HmA (0.50). On the other hand, it has been experimentally proven that hymatomelanic acids have
more pronounced antiradical properties than humic acids. ARA HmA is 0.90 relative units, which is approximately three times
more than the similar value for HA (0.57).

Originality. Despite the fact that a number of methods for determining the antiradical and antioxidant activity of low-molecu-
lar antioxidants and their mixtures have been developed, a method for determining these indicators for high-molecular native
compounds has not yet been created. For the first time, a method for determining the antiradical effect of humic substances using
the stable 2.2-diphenyl-1-picrylhydrazyl radical (DPPH) was proposed and experimentally tested. A method for determining the
antioxidant activity of humic and hymatomelanic acids in hydrocarbon oxidation processes (on the example of cumulus) has been
developed. The convenience and satisfactory reproducibility of the developed methods are shown.

Practical value. The green-chemistry related development and application of drugs based on native and modified humic sub-
stances as polymers with adjustable redox properties (redox polymers) is a relevant direction of sustainable development of society.
These substances are the basis for obtaining new medicines, plant protection products, new sorbents, preparations for the reclama-

tion of territories contaminated with radionuclides, heavy metals, organic ecotoxicants, oil products, etc.
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Introduction. Humic substances are a fairly common class
of organic compounds in nature, which are part of soils, peat,
lignite and sapropels. The reactivity of humic substances is due
to the presence of a large number of functional groups, pri-
marily carboxyl, hydroxyl, carbonyl, nitrogen- and sulfur-
containing, in the composition of their macromolecules, in
addition to polyarene clusters of various degrees of condensa-
tion. Due to this, humic substances are capable of complex
formation, oxidation and reduction reactions. Their biological
activity is due to participation in ion transport and influence
on the action of enzymes [1, 2].

Literature review. High-molecular compounds of organic
nature with condensed aromatic nuclei — humic and hema-
tomelanic acids are the main components of humic substances.
Moreover, the fraction that can be dissolved in alkalis and in-
soluble in acids is humic acids (HA), and the alcohol-soluble
fraction is hymatomelanic acids (HmA). All of them have side
chains of varying degrees of branching. Humic acids are the
main part of humic substances, which are extracted from lig-
nite with weak alkali solutions. The alcohol-soluble fraction is
hematomelanic acids. High molecular natural polymers be-
longing to aromatic acids and including systems of several aro-
matic heterocyclic cores containing sulfur, nitrogen, and oxy-
gen [1, 3]. Shown in Fig. 1, a probable molecular fragment of
the peripheral part of humic acids [4] contains all the most
important structural components of HA. The redox balance is
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a key factor in all processes occurring in both normal and path-
ological cells, as reactive oxygen species can significantly dis-
rupt normal metabolic pathways. Disturbance of the redox bal-
ance, caused either by excessive production of reactive oxygen
species, or insufficient activity of the antioxidant defense sys-
tem, inevitably leads to oxidative stress [4, 5]. There are some
natural molecules, mainly nutrients, that have antioxidant ac-
tivity. They include carotenoids, vitamins E and K, ascorbic
acid (AA), flavonoids and phenolic acids, zinc, selenium and
many other chemicals. Humic acids (HA) can also be consid-
ered effective antioxidants; many research groups reported
their high potential for reducing active free radicals [6, 7]. Ac-
cording to the generally accepted opinion, HA are natural
high- and supramolecular polyfunctional colloidal bioorganic
molecules that have both amphoteric and amphipathic proper-
ties. The antioxidant activity of HA can be explained by a large
number of phenolic hydroxyl, quinoid and other chemical
groups that have a highly delocalized molecular orbital. As a
result, HA can donate protons, trap free radicals and chelate
reactive ions under normal physiological conditions.

In addition, being powerful antioxidants and substances
that trap free radicals, HAs do not show specific toxic activity
in relation to cells, tissues or organisms [6, 9]. Thanks to this,
humic substances are a promising natural source of new raw
materials for the food and pharmaceutical industry [10, 11].
Despite the fact that HA is a very promising potential new
drug, the chemical structure of HA has not yet been identified,
and the quantitative structure-activity relationship remains
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Fig. 1. Example of the structure of the humic acid macromole-
cule peripheral part

unmodeled. The main reason for this is the increased chemical
complexity of HA [1, 12]. Another important factor is that HA
samples obtained from different sources have quite significant
variations in their physical and chemical properties and are ac-
companied by nonlinear dependencies between these param-
eters and biological activity.

HA are used in oriental medicine for the treatment of skin
diseases, cold stress, rheumatic pains, diabetes, urolithiasis,
heart diseases, leprosy, and diseases of the immune system [6,
13]. Peat preparations are mainly used as external means, but
they can also be used as means of internal use. For example,
HA from various sources was used externally for the treatment
of hematomas, phlebitis, desmorexis, myogelosis, arthrosis,
polyarthritis, osteoarthrosis, and osteochondrosis. As for in-
ternal use, GCs have proven to be particularly useful in the
treatment of diarrhea, gastritis, stomach ulcers, dysentery,
colitis, and diabetes [6, 14]. In a number of studies, it was re-
ported that HA exhibit anti-inflammatory and immunomodu-
latory properties [5, 15].

As was mentioned above about the anti-radical and anti-
oxidant activity of some natural humic substances [4, 14], but
there is no information about specific HAs isolated from lig-
nite. Since lignite can be an important source of HAs for the
pharmaceutical industry, the characterization and standard-
ization of their physicochemical parameters is necessary, espe-
cially since no clear relationships have been reported between
the pharmacological activity of lignite-derived HA and their
humification, molecular size distribution or content of stable
free radicals [11]. Lignite, unlike, for example, peat, is subject
to relatively weak oxygen saturation, which leads to a low inten-
sification of oxidation processes during the formation of humic
substances and changes in their chemical and biological char-
acteristics. The process of humification can, in some cases,
lead to changes in the pharmacological properties of HA, such
as increased anticarcinogenic and antiradical activity.

From the point of view of the elemental representation of
the composition of humic substances, they mainly contain
carbon, oxygen, hydrogen, nitrogen and sulfur. From the
point of view of the structure of the macromolecule, humic
substances are composed of parts of structurally heteroge-
neous carbon chains (of which approximately 40—50 % are
aliphatic, the rest — alicyclic, and aromatic chains make up a
total of 35—60 %). By functional groups, carboxylates, phe-
nolic and non-aromatic hydroxyl groups, oxo- and quinone
groups, amino- and imino groups, as well as esters, amides
(cyclic and non-cyclic), acetals and ketals, ether and peroxy
groups prevail. According to the classes of structural compo-
nents, the molecules of humic substances contain fragments
of oligo- and polysaccharides, sugar acids, oligo- and poly-
peptides, remnants of fatty acid chains, fragments of lignin,
condensed aromatic substances, which quite often contain
heterocyclic nuclei [4, 16].

Based on the analysis of the question, such properties as
inhibition of oxidation processes, i. ., the ability to stop or de-
lay unwanted reactions involving active forms of oxygen, have
not been sufficiently studied. Namely, the presence of hydrox-
yl, quinoid, carboxyl, amino groups in the composition of
macromolecules of humic substances is the basis for predict-
ing the capacity for antioxidant action [8, 17].

It is known that antioxidant (AOA) and antiradical (ARA)
activities are pharmacological tests for biologically active sub-
stances. Preparations of humic substances, both native and
modified, are already used in agriculture, veterinary medicine,
medicine and some technical areas. Determining the pros-
pects of GR in a new range of possible uses, such as when ob-
taining preparations with specified antioxidant properties
based on humic substances, is an urgent task.

Several methods for determining ARA and AOA of low-
molecular antioxidants and their mixtures are described in the
literature, but clear methods for evaluating these indicators for
high-molecular compounds have not been developed [4, 6]. In
general, it is known that it is quite problematic to determine
the total antioxidant efficiency of a substance. This is due to
such features as the transition from one test system to another.
The studied substance can change the characteristics studied
when using different compounds, so the effect of the studied
substance as an antioxidant will also change. Thus, the ques-
tion of creating a universal test for antioxidant activity remains
open. Understanding the detailed mechanism of the oxidation
reaction opens ways to overcome this negative result, especial-
ly for complex natural compounds, both in the case of food
products and biological objects. It is known [16] that a large
number of biochemical reactions in the living organism take
place with the participation of free radicals, which have excep-
tionally high chemical activity. During pathological processes,
the balance of formation and decay of free radicals is dis-
turbed, which leads to a sharp increase in their level in the
body. At the same time, cellular structures may be affected,
vital processes, etc., may be disturbed. In the process of inter-
action of free radicals (forms of active oxygen, etc.) with bio-
logically active substances that have antioxidant properties,
the chain reaction with the participation of free radicals, which
are formed in various pathological processes in the cells of liv-
ing organisms, is partially or completely stopped had [17, 18].

Works [16, 17] claim that quinoid fragments are responsible
for electron transfer reactions involving macromolecules of hu-
mic acids, which form free radicals (semiquinones) during one-
electron reduction. In addition to quinoid fragments, phenolic
hydroxyls, which are oxidized to phenoxyl radicals, can contrib-
ute to the redox capacity of humic acids. This assumption was
put forward in [17], based on the similarity of the redox capac-
ity dependences on pH for phenols and humic acids. Radicals
of humic substances of semiquinone or phenoxyl types can
neutralize radical centers of reactively unstable compounds,
thereby reducing the likelihood of developing pathology.

Purpose. Deepening and expanding the understanding of
the biological and antioxidant effect of lignite humic and hy-
matomelanic acids, determining its nature and evaluating the
prospects of their use in little-studied oxidation processes of
simple organic compounds and consumer substances consti-
tuted the main goal of our development.

Methods. HmA and HA for the experiment were obtained
similarly [4] with a yield of approximately 19 % for HAand 1-2 %
HmA and a molecular weight of ~20,000 a.0.m., which makes it
possible to classify them as natural high-molecular compounds.

Humic substances are extracted from soil, low-metamor-
phic coal or other natural raw materials with alkali solutions.
Any acid up to pH 1-2 is added to the resulting alkaline ex-
tract, humic and hymatomelanic acids precipitate, and fulvic
acids (FA) remain in solution. The precipitates of humic and
hymatomelanic acids are filtered, dried and obtained in a dark
brown color. Obtaining the mentioned humic substances from
natural raw materials is shown in Fig. 2.

The antiradical activity (ARA) of humic substances was
determined by analogy with plant extracts, and AOA — by
studying the inhibitory properties of HA and HmA in hydro-
carbon oxidation processes.

To determine the optimal concentration of humic sub-
stances, their content in the system varied in the range of
0—10.0 g/L.
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Fig. 2. Production of humic, hymatomelanic and fulvic acids
from natural raw materials

The experiment was conducted at a temperature of
348 K and a partial pressure of oxygen of 760 mm mercury
Art. The amount of absorbed oxygen was recorded using a
gas volumometric device [20]. ARA HA and HmA were
studied using the interaction of cumene with molecular
oxygen as a model reaction. Dimethylsulfoxide (DMSO)
was chosen as the solvent, and azodiisobu-thyronitrile
(AIBN) as the initiator.

Based on the goal and task of researching the anti-radical
properties of humic substances, we used the method for deter-
mining ARA of plant extracts, which is based on the ability of
natural inhibitors to interact with 2.2-diphenyl-1-picrylhydra-
zyl radical (DPPH). We used such solvents as ethanol and di-
methyl sulfoxide (DMSO).

Using the UV spectrophotometric method, the change in
the concentration of the 2.2-diphenyl-1-picrylhydrazyl radical
during its reaction with the radical centers of the studied sys-
tems was determined according to the equation

InH+ DPPH* — In* + DPPH-H,

where InH is an inhibitor molecule (HA, HmA, AA).

The study of changes in the optical density of solutions
during this reaction was carried out on a Specord UV VIS
spectrophotometer in cuvettes /= 1.0 cm at 7= 298 K. To de-
termine the optimal concentration of humic substances, their
content in the system varied in the range of 0 to 10.0 g/L.

DMSO, cumene, and azodiisobu-thyronitrile were used in
the work. All substances were prepared for the experiment ac-
cording to the methods described in [20]. Cumene concentra-
tion in the reaction mixture is 3.59 mol/L, AIBN is 2.00 x
x 102 mol/L. To determine the optimal concentration of
humic substances, their content in the system varied in the
range of 0—10.0 g/L.

The stable radical 2.2-diphenyl-1-picrylhydrazyl from Al-
drich had a purity of 95 %, and the used ascorbic acid (AA)
had a specific optical rotation of +20.9 + 0.4.

Results.

1. Determination of ARA of humic acids. Studying the pro-
posed reaction mixture of HmA with DPPH in ethanol, ki-
netic dependences of DPPH consumption were obtained,
where the value of HmA concentration varied in the range of
0.1-0.4 g/L. The figure (Fig. 3) shows the change in the opti-
cal density (D) of HmA solutions of different concentrations
with time (7). As can be seen, the presented dependencies are
described with high accuracy by an exponential equation of
the first order.

From the results of Fig. 3 it can also be seen that the maxi-
mum rate of radical death is observed in the first 10 minutes of
the process. During this time, when the concentration of HmA
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Fig. 3. Change in the optical density (D) of HmA solutions of
different concentrations with time (f):

1-036g/L;2—0.27¢g/L;3—0.18g/L; 4—0.09g/L

increases by 4 times, the number of “neutralized” radicals de-
creases by 6 times. In general, the process of death of DPPH
radicals stabilizes in 40—60 minutes, depending on the con-
centration of hymatomelanic acid.

The obtained results give reason to believe that the opti-
mal reaction time is 10—20 minutes, and the optimal (to
achieve 90 % of the result) HmA concentration will be about
0.3 g/L.

Similar dependences were obtained for the interaction of
DPPH with HmA and HA in DMSO medium. They have the
same character. The optimal reaction time, which leads to the
death of 90 % of radicals, is 30—50 minutes.

Thus, humic substances from lignite have a clearly ex-
pressed antiradical activity, which was determined by experi-
mental studies of the interaction of HA and HmA with DPPH
in the environment of two polar solvents of different nature
(proton donor ethanol and aprotic DMSO).

According to the generally accepted methods of research-
ing the inhibitory effect of some compounds [20], we chose
ascorbic acid as an inhibitor for comparison, which, along
with natural phenols, is used in the study of ARA of natural
substances.

Based on the data obtained by us on the value of the optical
density of DPPH solutions in DMSO depending on the con-
centration of humic substances ([C]), the amount of ascorbic
acid equivalent to a certain concentration of HmA (JAA]) was
calculated and the value of APA for HA and HmA was ob-
tained (Table 1).

ARA of humic substances was calculated as the tangent of
the slope of the direct ratio of the value of the amount of hu-
mic substance to the corresponding equivalent value of ascor-
bic acid. That is, it is the same concentration at which the
same amount of DPPH reacted.

Table 1
Antiradical activity (ARA) of humic substances
Humic substances, [C], [AA],
(ARA) mg/L umol/L
HA, (0.57) 54.0 76.85
40.5 64.68
36.1 43.29
27.0 31.49
18.1 18.88
13.5 9.85
HmA, (0.90) 40.5 46.93
36.1 44.10
27.0 38.27
18.1 22.96
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From the obtained results, it can be seen that ARA for HmA
is almost 2 times higher than for HA. This indicates that during
the extraction of HmA, a significant proportion of the antiradical
structures of HA is concentrated precisely in the ethanol extract.

2. Determination of the antioxidant activity of lignite HA.
As you know, compounds that exhibit general antioxidant
properties are used to inhibit the oxidation processes of vari-
ous consumer products. Reactions of oxidation inhibitors
play an important role not only in modern technological
processes, but also in the selection of effective antioxidants
that protect living organisms from the destructive effects of
ecotoxins, light, and radioactive radiation. HA contain a
wide range of fragments that are oxidized at different poten-
tials. When oxidized, they release protons and electrons and
undergo irreversible further reactions. For example, pheno-
lic antioxidants donating electrons and hydrogen can react
with reactive oxygen species in a reaction to stop the oxida-
tion process. The activity of many natural compounds with
respect to DPPH is determined by the presence of various
phenolic fragments and correlates with the total concentra-
tion of OH groups. Indeed, Aeschbacher, et al. [17] reported
that phenolic fragments are the main electron-donating
groups in humic substances.

On the other hand, the number of quinoid fragments is
only part of the structural fragments of HA, which participate
in the transfer of electrons. In addition to quinoid/semiquin-
oid fragments, phenolic groups oxidized to phenoxyl radicals
may also contribute to the anti-oxidant activity of HA.

We emphasize again that the problem of choosing anti-
oxidants is quite complex, since their effectiveness depends
not only on the chemical structure of the compounds, but
also on environmental conditions, the mechanism of their
action, etc. [19].

That is why the study of the oxidation of hydrocarbons in
the liquid phase is an informative method for evaluating the
effectiveness of the inhibitor. And the use of molecular oxygen
as an oxidant in the selected method for researching the anti-
oxidant activity of hydrocarbons has its obvious advantages: it
is an available, cheap and environmentally safe reagent of
“green chemistry” [20].

In accordance with the previously outlined tasks, we con-
ducted a study of the effect of HA and HmA on the oxidizing
mixture of cumene — solvent — initiator. Fig. 4 shows the char-
acteristic kinetic curves of oxygen absorption in the process of
cumene oxidation in DMSO medium in the presence of vari-
ous humic substances.

As can be seen from Fig. 4, HA inhibits oxygen absorp-
tion almost three times more effectively than HmA. At the
same concentration of these substances, within 60 minutes
of the process, there is a significant but different decrease in
the volume of absorbed oxygen, namely, for HA, oxygen ab-
sorption is 0.8 mL, for HmA, it is about 2.4 mL, without
inhibitors this value is more than 4 mL. It can be seen that
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Fig. 4. Change in the amount of oxygen absorbed by the oxidiz-
ing mixture with the time of the chemical reaction:

1—[HA]=2.0g/L; 2— [HmA] = 2.0 g/L; 3 — without inhibitors
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Fig. 5. Dependence of the rate of oxygen absorption (W\q,) in the
process of cumene oxidation in the presence of different con-
centrations of humic substances (C):

o— HmA; ® — HA

the effect of reducing oxygen absorption due to the addition
of humic substances to the selected system depends on their
content, increasing with increasing concentration of humic
substances (Fig. 5).

An increase in the concentration of natural antioxidants
from 0 to 10 g/L leads to a decrease in the rate of oxygen ab-
sorption by more than 34 times (for HA) and by more than
10 times when using hymatomelanic acids. The Wi,)/W o,
parameter, i.e., the ratio of the rate of oxygen absorption by
the reactive mixture without humic acids to the similar one
with humic substances, depending on the concentration, was
calculated on the basis of the kinetics data. From the data in
Table 3, the antioxidant activity (AOA) of the studied humic
substances was calculated, the value of which for HA is 1.68
relative units, which is almost three times higher than this in-
dicator for HmA — 0.50 relative units. The obtained value of
AOA can be a characteristic of the general antioxidant activ-
ity of inhibitory substances, which allows comparing it with
literature data.

As can be seen, the dependence of Wiq,/W |, is directly
proportional, i.e. the parameter increases if the concentra-
tion of the studied acids in the reaction mixture increases.
The value of antioxidant efficiency for humic acids was cal-
culated from the ratio Wi, /W|c, taking into account the
concentration.

According to the obtained data (Table 2), HA is a more
effective antioxidant than HmA in the proposed model.

Conclusions. Based on the obtained experimental data of
the study of the influence of humic substances from brown
coal on the process of initiated liquid-phase oxidation of
cumene, it can be concluded that the addition of humic sub-
stances causes a significant inhibition of the oxygen absorption
process. The observed effect intensifies with an increase in the
concentration of humic and hymatomelanic substances in the
studied system.

Table 2
Parameter Wio/W o,
Wio/Wiol
[C], g/L
HA HmA
0.1 1.09 1.02
1.0 1.60 1.45
1.5 2.44 1.71
2.0 2.97 2.00
3.0 4.98 3.42
5.0 8.90 6.73
6.0 10.27 7.45
7.0 11.50 8.30
8.0 19.37 9.08
10.0 34.50 10.62
119
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Therefore, it was established that humic acids exhibit more
pronounced antioxidant properties in the processes of radical-
chain oxidation of hydrocarbons compared to hymatomelanic
acids.

On the other hand, it has been experimentally proven that
the antiradical activity of hymatomelanic acids is more pro-
nounced than that of humic acids. Similar results were ob-
tained for the first time.

This conclusion can be confirmed based on literature data
[17], which demonstrate a proportional dependence (even
correlation) of the activity of natural compounds to the death
of the DPPH radical on the presence of phenolic fragments of
different structures and the number of hydroxyl groups in
these fragments. That is why the anti-radical activity of HmA
(which have a higher content of OH groups) exceeds the anti-
radical efficiency of HA.

The experimental results obtained for the first time prove
that the humic substances of domestic lignite exhibit clearly
pronounced antioxidant properties, that is, they are effective
inhibitors of radical-chain oxidation of hydrocarbons.

The conducted research expands the idea of the possi-
ble areas of application of lignite humic components, as
they make it possible to predict and optimize oxidation pro-
cesses with the participation of these valuable natural sub-
stances.
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AHTHOKCHJIAHTHI BJIACTHBOCTI OYPOBYTiLJIBHUX
TYMiHOBUX PEeYOBUH

1. B. €pimosa”, O. B. Cmupnosa, T. I. lllendpix
IHcTutyT (izuko-opraniyHoi XiMii Ta Bymieximil iMeHi
JI. M. JIutBunenka HAH Ykpainu, m. Kui, Ykpaina
* ABTOp-KOpecnoHAeHT e-mail: anjuta.efimova@gmail.com

I'yminogi peyoBunu (I'P) HanexxaTh 10 1OBOJI TTOIIMPEHO-
r0 y MPUPOMi KJIaCy OpraHiYHUX CIONYK, 10 € CKJIaI0BOIO
IPYHTiB, TOpdy, Oyporo Byrijuid i1 canponeis. [leski B1acTu-
BOCTi rymartiB (coJieii TyMiHOBUX KMCJIOT) Jal0Th 3MOTY BUKO-
PYICTOBYBATH iX y Pi3HMX Taly3s1X — POCIMHHUIITBI, TBAPUHHU -
LITBi, Npy OypiHHI CBEPIUIOBUH i CTPYKTYpYBaHHi IPyHTiB. bio-
JIOTiYHA ¥ XiMiYHa aKTUBHICTh TYMiHOBUX PEYOBMH 100pE Bimo-
Ma. BoHa 00yMoBIieHa HasIBHICTIO Y cKJ1ali Makpomolieky ['P
TaKuX (DYHKIIOHAJILHUX ITPYIT IK KAPOOKCUIBHMX, TiIPOKCHIIb-
HUX, KapOOHIIbHUX, a30T- i cipkoBMmicHuX. Lleit dakt Takox
CJIYTYE MiATPYHTSIM JUTS OLTbII PO3IIMPEHOTO BUBYEHHS iHIIIUX
BiactuBocteii I'P, a came aHTMOKCHUIAHTHOI aKTUBHOCTI.

Merta. [TornmubieHHs i pO3LIUPEHHS YSIBIEHb PO 0io-
JIOTIYHY Ta aHTUOKCUJAHTHY aKTUBHICTh OYPOBYTIJIbHUX Ty-
MiHoBoi1 (I'K) i rimatomenanoBoi (I'MK) kucnoT, BU3HaueH-
Hs ii IPUPOJIU Ta OIliHKA TEePCTIeKTUB BUKOPUCTAHHS B Ma-
JIOOOCHIIKEHUX MpoliecaX OKMCHEHHSI OpraHiyHuX i cro-
KUBYMX PEYOBUH.
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Metoauka. Y po60Ti BUKOPUCTOBYBAIN (DOTOKOJIOPUME-
TPUYHUI MeTOJ BU3HAYEHHSI aHTUPAAUKAIbHOI aKTUBHOCTI
(APA) nBOX CKIIaZOBUX TYMiHOBUX PEYOBMH BITYU3HSHOTO
Oyporo BYTiJlJIg — TYMiHOBMX i TiMaTOMEJIaHOBUX KUCJIOT.
AHTHOKCHUIAHTHY aKTUBHICTb (AOA) ryMiHOBUX i TiMaToMe-
JIAHOBUX KHUCJIOT i3 OypOoro BYTiJljisl BUSHAYAJIU 32 IOTIOMOTOI0
ra30BOJTIOMOMETPUYHOTO METOAY, OLIHIOYN IBUIKICTh
raJibMyBaHHS peakllii Ha MPUKJIaai iHililloOBaHOTO PiTUMHHO-
¢a3HOTO OKMCHEHHS KYMOJTY KUCHEM.

Pesyabrat. BcTaHoBI€HO, 1110 I'YMiHOBI KMCJIOTH BUSIB-
JISIIOTH OUIBII BUpaXKeHi aHTUOKCHUIAHTHI BJIACTUBOCTI y TIPO-
1ecax paauKalbHO-JAHIIOTOBOTO OKUCJIEHHSI BYIJIEBOJHIB
TOPiBHSTHO 3 TIMAaTOMEIAaHOBUMMU KucaoTaMu. 3aratbHa AOA
T'K cranoBuTh 1,68 BiTHOCHUX OIMHUIIb, IIIO MaiiKe BTpHUUi
nepepuiye 1eit mokazuuk mis 'mK (0,50). Hatomictb, ekc-
MEePUMEHTAIBHO MOBENEHO, IO TiMaTOMEJaHOBI KHUCIOTU
MaloTh OUIbIII BUPaXKeHi aHTUPAAMKaIbHiI BJIACTUBOCTI, HiX
rymiHoBi kuciotu. 3araipHa APA MK — 0,90 BimHOCHUX
OIMHUIIb, 1110 MPUOJIU3HO BTPUYUi OiJIbIIIE aHAJIOTIYHOI BEJIN-
yunu st 'K (0,57).

HaykoBa HoBu3Ha. [lonpu Te, 110 Hapasi po3poOsieHa
HU3Ka METO[iB BU3HAUEHHSI aHTUPAAUKAIbHOT TA aHTUOKCH -
JMAHTHOI aKTUBHOCTI HU3bKOMOJIEKYISIPHUX aHTMOKCUIAHTIB
i ix cymileit, MeToauMKa BU3HAYEHHS LIMX MOKA3HUKIB IS

BUCOKOMOJIEKYJIIPHUX HATUBHUX CIOJYK J0Ci HE CTBOpPEHA.
Briepiire 3ampornoHoBaHO Ta €KCIePUMEHTAIBHO anpoboBa-
HO METOJl BU3HAYEHHS aHTUPAAMKAJIBHOI /il TyMiHOBUX pe-
YOBUH 3a I0ITOMOTo1o cTabinbHoro panukana JIPIIT. Po3po-
OJieHa METOAMKA BU3HAYEHHS! aHTMOKCUJAHTHOI aKTUBHOCTI
rYMiHOBOI Ta TIMaTOMEJIaHOBOI KMCJIOT Y MPOLIeCax OKUCHEH-
HsI ByTJIEBOAHIB (Ha NpukJiani Kymosy). [TokazaHa 3py4HicTb
i 3a[10BiJIbHA BiATBOPIOBAHICTb PO3POOJIEHUX METOIUK.

IIpakTuyHa 3HAYMMiCTh. AKTyaJbHUM HAIpsSIMOM CTa-
OiJTbHOTO PO3BUTKY CYCIUJILCTBA € pO3pOOKaA il 3aCTOCYBaH-
HSI 3TiIHO i3 TIPUHILIMIIAMU «3€JIEHOI XiMii» TpenapaTiB Ha
OCHOBi HATUBHMX i MOIM(IKOBAHUX TYMiHOBUX PEYOBUH SIK
MOJIiIMEPIB i3 PeryJIbOBaHUMM OKHCIIOBAJIbHO-BITHOBHUMU
BJIACTUBOCTSIMU (pemnokc-mojiMepu). Lli pedyoBuHM € OCHO-
BOIO JUISI OTPMMAaHHSI HOBUMX JIiKapChbKMX MpernapaTiB, 3aco-
0iB 3aXMUCTY POCJIMH, HOBUX COPOEHTIB, IpenapariB 1Jisl pe-
KyJAbTUBAlLlii TEpUTOPil, 3a0pPyAHEHUX pPaliOHYKIiTaMHU,
BaXXKMMU MeTaJlaMU, OPTaHiYHUMM eKOTOKCUKAaHTaMM, Ha-
(ronpomykTamMu TOLIO.

Kumiouosi cnoBa: anmupadukanvha axmuseHicme, aHmMuok-
CUOAHMHA aAKMUBHICMb, [HeIOImopuU, 2iMamomesanosi Kucao-
mu, 2yMIHO8I Kucaomu
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