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Annomauusn

Tlokazano, umo aHmMuUOKCUOAHMHASL AKIMUBHOCMb 6 POV KYPKYMUH, OUC-0eMeMOKCUKYPKYMUH, O0eMemOoK-
cukypxymun cuudxcaemces. Onpeoenena eenuvuna TEAC 011 Kyprymuna, 6uc-0ememoxCcukypKymMuta, 0ememokCcuxKyp-
Kymuna, komopas cocmasasiem 0,41, 0,32 u 0,21 coomeemcmeenno. Cymmapmslil npenapam KypKYMUHOUO08 001ada-
em aHMUMYMa2enHolu aKmMusHOCmoi0 npu Konyenmpayuu 8,3 me/n 6 mecm cucmeme wmamma S. typhimurium TA100
u S. typhimurium TA98.

KarueBble c10Ba: KypKyMHUHOUIBL, KypKYMHH, TEMETOKCUKYPKYMHH, OHC-IEMETOKCHKCHKYPKYMUH, aHTH-
okcuaaHt, antumyrared, AbTC-paaukan, Tposokc.

Abstract

As a result of studies, it has been shown that the antioxidant activity in the series curcumin, bis-
demethoxycurcumin, demethoxycurcumin decreases. The TEAC value was determined for curcumin, bis-
demethoxycurcumin, demethoxycurcumin, which is 0.41, 0.32 and 0.21, respectively. The total preparation of curcu-
minoids has antimutagenic activity at a concentration of 8.3 mg / | in the test system of S. typhimurium TA100 and S.
typhimurium TA98 strains.

Keywords: curcuminoids, curcumin, demethoxycurcumin, bis-demethoxycurcumin, antioxidant, antimuta-
gen, ABTS radical, trolox.

Introduction.

Turmeric Rhizome Curcuma longa L. _ serve as a source of highly active compounds that
are widely used in the food industry [1, 2]. Chemical analysis of the composition of turmeric rhi-
zome extracts showed that the plant material contains carbohydrates (69.4%), water (13.1%), pro-
teins (6.3%), fats (5.1%) and minerals (3.5%). %), essential oil (5.8%), and curcumin (3-6%) [3]

The active components of turmeric extracts are curcuminoids [4]. Curcuminoids are a mix-
ture of curcumin (K) and two of its derivatives, demethoxycurcumin (DMC) and bis-
demethoxycurcumin (BDMC) [ 5 ]. The ratio of curcuminoids in the composition of curcumin is
52-63% for K, 19-27% for DMC, and 18-28% for BDMC. Due to the presence in their structure
of two benzenemethoxy rings connected by an unsaturated chain, these compounds exhibit keto-
enol tautomerism. Aromatic groups in the structure of molecules provide the hydrophobicity of
curcuminoids, and the presence of an isoprenoid linker causes flexibility, tautomeric transitions of
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the structure, and also affects their hydrophobicity and polarity [ 5 ]. Due to the peculiarities of the
chemical structure, curcuminos are poorly soluble in water at acidic and neutral pH values, but
soluble in methanol, ethanol, dimethyl sulfoxide and acetone.

Curcuminoids and their derivatives have a wide spectrum of biological activity, including
antioxidant, anti-inflammatory, antitumor, bactericidal, neuro-, cardio- and radioprotective [6, 7].

A number of studies have shown that the administration of curcuminoids to laboratory an-
imals at a dose of 300 mg/kg has a neuroprotective activity under conditions of hypoxia of the
nervous tissue and significantly reduces the percentage of neuron and neuroglia death, and reduces
the risk of cerebral infarction [8]. The introduction of the drug at a dosage of 5-100 mg/kg led to a
decrease in the symptoms of ketamine-induced syndrome in laboratory animals [9], the preserva-
tion of the functional activity of GABAergic receptors and the normalization of GABA metabo-
lism in the nervous tissue, reducing the toxic effects caused by the administration of streptozotocin
to rats [10 ]. The introduction of the curcuminoids drug led to inhibition of peroxidation reactions
of microglia cell membranes and a decrease in the production of nitrogen monoxide. Moreover,
the inhibitory activity decreased in the series demethoxycurcumin, bis-demethoxycurcumin, and
curcumin [11].

The study of the antioxidant effect of the total preparation of curcuminoids and its individ-
ual components showed the presence of pronounced activity in various test systems. Thus, the ad-
ministration of curcuminoids to laboratory rats at a dosage of 50-250 mg/kg led to the induction of
synthesis and an increase in the activity of enzymes of the antioxidant system: serum and erythro-
cyte glutathione peroxidase, superoxide dismutase, and catalase [12, 13]. In the urine of the exam-
ined animals, a decrease in the level of biomarkers of oxidative stress, allantoin, m-tyrosine, 3-
nitrotyrosine, and 8-hydroxy-2-deoxyguanosine, was observed [14]. Similar studies were obtained
in the study of the oxidative status of the tissues of the heart, kidneys, and liver of laboratory ani-
mals [13]. In the phosphomolybdenum and DPPH model systems, the studied preparations showed
pronounced antioxidant activity [15, 16].

Curcumin preparations showed pronounced anticancer and antiproliferative activity against
a number of cell lines: MCF-7 human breast tumor cells [17], K 562 human leukemia cells [18],
HeLa cells [19], H22 mouse hepatoma cells [20] , HT1080 human fibrosarcoma cells [21], rectal
cancer cells [22, 23], A549 human lung adenocarcinoma cells and A549 cisplatin-resistant cells
[24], HMEC1 dermal capillary endothelial cells [25].

On a model object, a histidine auxotrophic mutant strain of Salmonella typhimurium TA97,
the presence of mutagenic activity of curcuminoids was shown when exposed to the cultivation
medium at concentrations of 10-50%, which is expressed in an increase in the amount of re-
vertants [26].

The cardioprotective activity of curcuminoids has been shown when the drug is adminis-
tered to laboratory animals at a dosage of 75 mg/kg. Oral administration of curcuminoids led to
significant improvements in the physiological and functional parameters of the heart, a decrease in
necrotic zones, and a decrease in the level of serum markers in an experiment on an induced myo-
cardial infarction model [27].

Along with antioxidant activity, the presence of radioprotective activity was shown for the
curcuminoids preparation. Oral administration of curcuminoids at a dose of 50 mg/kg to laboratory
rats caused a significant decrease in the number of necrotizing cells and a significant decrease in
the number of chromosomal mutations [28, 29].

The antifungal and antiviral activities of the curcuminoids preparation have been shown
against strains of the pathogenic fungus Candida albicans [30] and influenza virus [31].

A number of authors have shown that curcuminoids have a pronounced anti-inflammatory
effect. Experiments on cell lines and when administered to laboratory animals showed a decrease
in the activity of calmodulin-dependent protein kinase Il and, as a result, inhibition of NO synthase
activity [32]. Along with a decrease in the immunoreactive status of the organism and activation of
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enzymatic systems of xenobiotic metabolism, there was a decrease in the migration of neutrophils
from the bloodstream to tissues and an increase in the barrier function of the endothelium [33].

In recent years, intensive studies have been carried out on the bioavailability, safety and ef-
ficacy of curcuminoids, which are used in complex therapy or as an independent drug in the treat-
ment of various diseases. Due to the pronounced biological activity and low toxicity of curcumi-
noids, they can be used as part of functional foods [34—36].

The aim of the work was to study the antioxidant and gene-protective properties of curcu-
minoids.

Materials and methods.

The object of the study were curcuminoids: curcumin, demethoxycurcumin, Dbis-
demethoxycurcumin, obtained from the rhizome of turmeric ( Curcuma longa L.).

Determination of antioxidant activity.

The antiradical activity of curcuminoids was evaluated in the model system for the reduc-
tion of the radical cation ABTS + [37, 38]. The generation of radical cations ABTS '+ was carried
out in the presence of ammonium persulfate. Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid), a water-soluble analog of vitamin E, was used as a standard antioxidant. under
the action of the test compound) and calculated by the formula:

% inhibition=100*(1-A2/Al),

where Al is the optical density of the ABTS + solution at a wavelength of 734 nm without
adding the test sample; A2 is the optical density of the ABTS + solution 6 min after the addition of
the test sample.

The results were plotted as percent inhibition versus test substance concentration. To calcu-
late the IC50 and TEAC values, a calibration curve was constructed for Trolox as a standard anti-
oxidant. According to the calibration curve, a linear regression equation of the form y=ax+b was
calculated, which was used for further calculations.

Determination of antimutagenic activity

The antimutagenic effect of purified curcuminoids was studied in a series of in vitro exper-
iments using one of the variants of the Ames bacterial test, the FAT plate test (High Throughput
Fluctuation Ames Test) [39, 40]. Histidine auxotrophic strains of Salmonella typhimurium TA100
and TA98 were used as test objects . 2-nitrofluorene was used as a standard mutogen causing
frameshift mutations in the S. typhimurium TA98 strain. Sodium azide was used for base pair sub-
stitution mutations in the S. typhimurium TA100 strain. These substances caused a reverse muta-
tion in test strains, as a result of which they acquired the ability to develop in an environment defi-
cient in histidine and return to prototrophy. An increase in the number of revertants in this test in-
dicates that the test compound induces gene mutations. When standard mutagens and curcumi-
noids under study are introduced into the incubation medium of Salmonella typhimurium strains ,
a decrease in the amount of revertants indicates that the tested compounds have antimutagenic ac-
tivity [41, 42]. For analysis, the total preparation of curcuminoids was dissolved in 96% ethanol.
Studies were carried out at 2 concentrations of the total preparation of curcuminoids, the final con-
centration of which in the test systems was 1.7 and 8.3 mg/l. To exclude the influence of the sol-
vent, 96% ethanol was used as a negative control. To prevent contamination of the culture medium
by microorganisms, the initial solutions were filtered through a sterile filter tank with a pore size
of 0.2 um.

Results and Discussion

Traditionally, turmeric is used as an active component in the composition of herbal
remedies, in everyday nutrition as an independent seasoning (turmeric) or as part of spices [1, 2].
As a result of clinical trials, curcumin was recognized as safe and classified as a hazard class 5 (is
not hazardous). According to the decision of the US Food and Drug Administration (FDA US),
turmeric is included in the group of "generally recognized as safe” compounds [1]. Curcumin has a

Bbinyck 3,2022 107



CoBpemeHHas HayKa 1 MHHoBauum Ne3 (39), 2022

wide spectrum of biological activity, which makes it possible to use it in functional foods. In this
regard, it is important to determine its antioxidant and gene protective properties.

Antioxidant activity of curcuminoids. Studies have been carried out on the antioxidant
activity of the total preparation of curcuminoids and individual compounds included in its
composition: curcumin, demethoxycurcumin and bisdemethoxycurcumin. The antioxidant activity
of curcuminoids was studied in the model system for the reduction of the radical cation ABTS +.
Trolox was used as a standard antioxidant. Antioxidant activity was expressed as a percentage
decrease in the concentration of the radical cation ABTS + in the reaction system as a result of its
reduction by the molecules of the test compound.

Based on the obtained results, graphs of the dependence of the percentage of inhibition of
the ABTS" * " on the concentration of Trolox and the curcuminoids preparation were plotted
(Figure 1).
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Figure 1. Dependence of the inhibition of the radical cation ABTS" *on the concentration of trolox (a)
and curcuminoids preparation (b)

For the resulting plots, linear regression equations were calculated and used for further cal-
culations of Trolox equivalent (TEAS) and IC 5.

For Trolox, the IC 5g vaie was 12.04 umol/L, and for the total preparation of curcuminoids it
was 24.45 umol/L. The TEAC value of the total preparation of curcuminoids, calculated as the
ratio of the tangents of the slope of the curves presented in Figures 1a and 1b, was 0.44. This indi-
cates that the studied preparation of curcuminoids has a 2.3 times lower antioxidant activity com-
pared to Trolox.

The antioxidant activity of individual curcuminoids was studied using a series of standard
solutions with different concentrations of curcumin, demethoxycurcumin, and bisdemethoxycurcu-
min in 96% ethanol. To calculate the IC 5o and TEAC values, the corresponding graphs were con-
structed and linear regression equations were calculated for curcumin (Figure 2a), demethoxycur-
cumin (Figure 2b) and bisdemethoxycurcumin (Figure 2c).
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Figure 2. Dependence of ABTS + inhibition on the concentration of curcumin (a), demethoxycurcumin
(b) and bis-demethoxycurcumin (c)

The antioxidant activity of individual curcuminoids with respect to the ABTS ™ radicals
formed in the aqueous phase depends on the amount of methoxy and OH groups in the aromatic

rings of their structure (Figure 3). The efficiency of reduction of ABTS

+e radicals

with the presence of a —C=C —bond conjugated to the aromatic ring.

For Trolox, the 1C 50 vaie Was 12.04 umol/L (3.13 a), and for curcumin, demethoxycurcumin,
and bisdemethoxycurcumin, it was 30.19 pumol/L, 58.41 pmol/L, and 37.97 pmol/L, respectively.
The calculated TEAC values for these compounds were 0.41, 0.21 and 0.32, respectively. The data
obtained indicate that in the series curcumin, bisdemethoxycurcumin, demethoxycurcumin, the anti-
radical activity is reduced compared to trolox by 2.4, 3.1, and 4.7 times, respectively [43]. The cur-
cuminoids preparation exhibits antioxidant activity mainly due to curcumin and bis-
demethoxycurcumin, and to a lesser extent, demethoxycurcumin.
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Figure 3. Structural formulas of curcumin (1), demethoxycurcumin (2) and bis-demethoxycurcumin (3)

Thus, the antioxidant activity of curcuminoids, as a rule, is maximal in the presence of a
pyrocatechin group, which increases the stability of the phenoxy radical. A significant contribution
is made by the presence in the structure of the molecule of two double —C=C —bonds conjugated
with aromatic rings. Such a structure ensures the delocalization of the spin density of the phenoxy
radical [44]. In the absence of one of these structural fragments, the antioxidant activity of curcu-
minoids, as a rule, decreases.

Antimutagenic activity of curcuminoids preparation. An analysis of the literature data

showed that curcuminoids are characterized by antioxidant and anticarcinogenic activity [41, 42].
To evaluate the antimutagenic activity of the obtained total preparation of curcuminoids, a series
of experiments was carried out using the Ames test. Histidine auxotrophic strains of Salmonella
typhimurium TA100 and TA98 were used as test objects . Due to the difference in genotype, the
parallel use of these strains makes it possible to fairly fully assess the nature of the DNA-
damaging effect of mutagenic substances - base pair replacement for the S. typhimurium TA100
strain or frame shift for S. typhimurium TA98 [39, 40].
To assess the antimutagenic effect of curcuminoids, a standard mutagen, 2-nitrofluorene, was in-
troduced into the S. typhimurium TA 98 test system, which caused the formation of a large amount
of prototrophic revertants. In the presence of antimutagenic activity in curcuminoid compounds,
their introduction into the incubation medium caused a decrease in the amount of formed re-
vertants, due to their inhibition of frameshift mutations. caused by 2-nitrofluorene. For the S.
typhimurium TAZL00 strain, a standard mutagen, sodium azite, was used. The presence of the anti-
mutagenic effect of the total preparation of curcuminoids was taken into account by reducing the
frequency of induction of reverse mutations from histidine auxotrophy to prototrophy.
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The final concentration of the total preparation of curcuminoids after adding the working
solution to the test system of strains S. typhimurium TA98 and S. typhimurium TA100 was 1.7 and
8.3 mg/l.

The results of the study of the antimutagenic activity of the total preparation of curcumi-

noids in the test system with the S. typhimurium TA98 strain are shown in Table 1.
Table 1 - The results of the antimutagenic effect of the total preparation of curcuminoids with the mu-
tagenic effect of 2-nitrofluorene in the test system with the S. typhimurium TA98 strain

concentration of curcuminoids, concentration of curcuminoids,
1.7 mg/l 8.3 mg/l
Sample Share of positive Share of negative Share of positive Share of
wells, % wells, % wells, % negative
wells, %
Standard mutagen 14,58 85,42 50,00 50,00
(2-nitrofluorene)
1 0,
Negative control (96% ethyl 8,33 91,67 8,33 91,67
alcohol)
Total preparation of 8,33 91,67 25,00 75,00
curcuminoids

When the total preparation of curcuminoids at a final concentration of 1.7 mg/l was intro-
duced into the test system of the S. typhimurium TA98 strain containing 2-nitrofluorene in the cul-
ture medium, the level of induced mutagenesis did not decrease. An increase in the final concen-
tration of the total preparation of curcuminoids in the cultivation medium of the test object S.
typhimurium TA98 to 8.3 ug/ml leads to an increase in gene protective activity. There is a de-
crease in the proportion of positive wells by 42.87% when an alcohol solution of the total prepara-
tion of curcuminoids is added.

Table 2 shows the results of a study of the antimutagenic activity of the total preparation of
curcuminoids in a test system with the S. typhimurium TAZ100 strain.

Table 2 - The results of the antimutagenic effect of the total preparation of curcuminoids with the mu-
tagenic effect of sodium azide in the test system with the S. typhimurium TA100 strain

concentration of curcuminoids, concentration of curcuminoids,
1.7 mg/l 8.3 mg/l
Sample Share of positive Share of negative Share of positive Share of
wells, % wells, % wells, % negative
wells, %
Standard mutagen 83,33 16,67 100 0,00
(sodium azide)
1 0,
Negative control (96% ethyl 12,50 8750 16,67 83,33
alcohol)
Total preparation of 75,00 25,00 14,58 85,42
curcuminoids

According to the results of the test, the presence of a total preparation of curcuminoids at a
concentration of 1.7 mg/l in the cultivation medium of the S. typhimurium TA100 strain did not
lead to a significant antimutagenic effect. With an increase in the final concentration of the total
preparation of curcuminoids in the test system of the S. typhimurium TAZ100 strain to 8.3 mg/l,
there is a decrease in the frequency of induced mutations in the S. typhimurium TA100 strain by
more than 6 times (p<0.01) to a level comparable to spontaneous mutagenesis.

The conducted studies allow us to conclude that at low concentrations, the total preparation
of curcuminoids does not show a pronounced antimutagenic effect in the considered test systems.
With an increase in the final concentration of the total preparation of curcuminoids to 8.3 mg/l, a
pronounced antimutagenic effect is observed, preventing 50% of the frameshift mutations for the
S. typhimurium TA98 strain under the action of 2-nitrofluorene. At this concentration, the curcu-
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minoids preparation prevented base pair substitution mutations for the S. typhimurium TA100
strain under the action of sodium azide to a spontaneous level.

Conclusion.

A study was made of the antioxidant and gene-protective activity of the total preparation of
curcuminoids and individual compounds included in its composition: curcumin, demethoxycurcu-
min and bisdemethoxycurcumin. The antioxidant activity of curcuminoids was studied in the model
system for the reduction of the radical cation ABTS +. For Trolox, the IC sq vaiue was 12.04 umol/l,
and for the total preparation of curcuminoids - 24.45 pmol/l, and for curcumin, demethoxycurcumin
and bisdemethoxycurcumin - 30.19 umol/l, 58.41 pmol/l and 37. 97 umol/l, respectively. The cal-
culated TEAC values for these compounds were 0.41, 0.21 and 0.32, respectively.

The TEAC value of the total curcuminoids preparation was 0.44. This indicates that the to-
tal preparation of curcuminoids has a 2.3 times lower antioxidant activity compared to Trolox.

The data obtained indicate that in the series curcumin, bisdemethoxycurcumin, demethoxy-
curcumin, the antiradical activity is reduced compared to trolox by 2.4, 3.1 and 4.7 times, respec-
tively. The antioxidant activity of individual curcuminoids depends on the number of methoxy and
OH groups in the aromatic rings of their structure, as well as on the presence of a —-C=C —bond con-
jugated with the aromatic ring.

To assess the antimutagenic activity of the total preparation of curcuminoids, the Ames test
was used on histidine-auxotrophic strains of Salmonella typhimurium TA100 and TA98. Studies
have shown that at a concentration of curcuminoids of 1.7 mg/l, the antimutagenic effect on both
strains is not manifested. At a concentration of the total preparation of curcuminoids of 8.3 mg/l, a
pronounced antimutagenic effect is observed, preventing 50% of the frameshift mutations caused
by the action of 2-nitrofluorene for S. typhimurium TA98. At this concentration, the curcuminoids
preparation prevented base pair substitution mutations for the S. typhimurium TA100 strain under
the action of sodium azide to a spontaneous level.

Thus, the conducted studies showed that the total preparation of curcuminoids and individ-
ual compounds curcumin, demethoxycurcumin and bis-demethoxycurcumin, due to their antioxi-
dant and gene-protective properties, can be recommended for use in the food industry to create
functional foods.
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