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ABSTRACT

This paper deals with the study of the antioxidant activity of diterpene glycoside of stevioside in the
absence of stress factors and under the influence of heavy metals. Results showed different response of
stevioside to — it reduced catalase activity by 34% as compared to control, but virtually had no effect on the
enzymatic activity of an ascorbate peroxidase. Heavy metals at suboptimal concentrations (10 uM) also did not
significantly change the activity of the studied enzymes. Growing of plants at a sublethal concentration of
pollutants (1 mM) was accompanied by a sharp increase in the activity of ascorbate peroxidase, and,
otherwise, decrease in catalase activity. Plants pretreatment with diterpene glycosides ensured reduction of
the negative effects of heavy metals on the activity of these enzymes, i.e., ascorbate peroxidase activity was
lower and catalase activity was higher. The influence of stevioside also led to 4-fold increase in the content of
non-enzymatic antioxidant — proline that may indicate an increasing stress resistance of plants to negative
environmental factors.
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INTRODUCTION

Urbanization and industrialization develop rapidly, which in turn causes an intensive development of
agriculture, a colossal mining, which leads to both the depletion of natural resources and the negative effects
on the biosphere. These effects include the spread and accumulation of heavy metals (HM). The HM ions can
quite easily get into plants and tend to accumulate in them, thereby having a negative influence on many
physiological processes that somehow leads to retardation or stops their growth and development, and in
certain cases causes their death [1 2]. As a rule, the negative HM impact is associated with oxidative stress,
caused by the generation of reactive oxygen species (ROS).

However, plants have antioxidant defense system consisting of enzymatic and non-enzymatic
compounds, which ensure plants adaptation and survival in the pollution of the environment with HM [1, 2, 3].
The most important role among antioxidant enzymes in ROS detoxification belongs to enzymes of the
ascorbate-glutathione cycle, a catalase, a superoxide dismutase, the peroxidases group, etc. [4, 5]. ROS
detoxification also involves non-enzymatic antioxidants such as ascorbic acid, proline, tocopherol, polyamines,
reduced glutathione, etc. Their activity mechanism lies in the fact that they react with ROS and through their
oxidation interrupt dangerous for the cell chain reactions [6].

It is known that the preparations with growth-regulatory activity can increase the resistance of plants
to hypo- and hyperthermia, drought, salinity, and toxic effects (HM) [7, 8]. To date, the substances released
from plants seem to be very promising because they are environmentally safe and react at very low
concentrations. Most interesting among the tetracyclic compounds are kaurene derivatives, which, among all,
include a tetracyclic diterpenoid steviol being the glycoside aglycone derived from the extract of herb Stevia
Rebaudiana Bertoni [9]. One of the glycosides of the plant is stevioside [10].

Objective of this study was to determine the antioxidant properties of stevioside under the oxidative
stress caused by heavy metals.

MATERIAL AND RESEARCH METHODS

Object of the study were the roots of winter wheat (Triticum aestivum L.) of Kazanskaia 560 variety.
Stevioside was obtained from vegetable raw materials in A.E. Arbuzov IOPC in the laboratory of phosphate
analogs of natural compounds of the correspondent member of RAS V.F. Mironov. Wheat plants were grown
in vitro in cells with illumination of 100 W/m?, in 12-hour photoperiod and at a temperature of 23°C. During 5
days, the control plants were growing with addition of water, and the experimental - with stevioside solution
at a concentration of 10®M. Then the 5-day plants were placed in CdSOs, CuSOs and ZnSOassolutions at
concentrations of 10 uM and 1 mM where they were growing for 4 days more.

We determined catalase activity by using a spectrophotometric method proposed by Aeby [11]. The
method is based on determining the decomposition rate of hydrogen peroxide by the studied catalase sample
with further formation of water and oxygen. Ascorbate peroxidase activity was determined by the method of
[12]. The method is based on the ability of ascorbate peroxidase to increase the decomposition rate of H202
through the action of ascorbic acid (AA). Free proline content was determined by ninhydrin test.

RESULTS AND DISCUSSION

According to research conducted by our group, stevioside shows both the growth-stimulating and
anti-stress activity, since it improves the frost resistance, as well as reduces the toxic effect of HM on lectin
activity and growth of winter wheat plants [13].

Catalase is a heme-containing enzyme composed of four subunits. It catalyzes the decomposition of
hydrogen peroxide to water and molecular oxygen. Catalase has low affinity for H202, but less specificity
toward organic peroxides (R-O-O-R). It has a very high reaction rate (6x10°% molecules of H,0 in H20 and O
min’) and is unique among the antioxidant enzymes, because it requires no reducing equivalents [5]. Catalase
decomposes H202 with minimum energy consumption [14].
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g. 1 - Effect of stevioside (108 M) on catalase activity in winter wheat seedling roots during operation CdSO,, ZnSO,
and CuSO, concentration (10 uM).
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Fig. 2 - Effect of stevioside (108 M) on catalase activity in winter wheat seedling roots during operation CdSO4, ZnSO,
and CuSO, concentration (1 mM).

As can be seen from Fig. 1, 2, stevioside (10®M) reduced the catalase activity as compared to the
control, and the difference was about 34%. This reduction in enzyme activity under the action of stevioside is
possibly due to the fact that it reduces the flow of micronutrients to plants, including iron ions, which are
necessary for the catalase since being a heme-containing protein.

Suboptimal concentration of metals (CuSOa, CdSO4 and ZnS0a4) (10 uM) did not affect the activity of
the studied enzyme (Fig. 1), which is consistent with the literature data [15]. Pretreatment with diterpene
glycoside has led to lower catalase activity than in the control group, which remained at the same level
throughout the experiment, with the difference equal to 30%, as well as in the experiment with one stevioside.

Action of HM at a sublethal concentration (1 mM) inhibited the catalytic activity of catalase, but the
obtained data were different under the influence of pollutants (Fig. 2). There is evidence that at moderately
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toxic concentration of HM (0.5 mM) the activity of catalase increased, whereas at highly toxic level of HM (1
mM) there was a substantial inhibition of the enzyme activity [16].

Under the action of CuSO4 and CdSOs, catalase activity decreased by 51% and 66%, respectively, as
compared to the control (Fig. 2). ZnSO4 at a concentration of 1 mM also reduced the enzyme activity of the
test enzyme, and the difference with the control was 23%.
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Fig. 3 - Effect of stevioside (10-8 M) and heavy metals (CuSO,4, CdSO4, ZnSO,) at a concentration (10 uM), ascorbate
peroxidase activity on winter wheat roots.
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Fig. 4 - Effect of stevioside (108 M) and heavy metals (CuSO,, CdSO,4, ZnSO4) concentration (1 mM), ascorbate peroxidase
activity on winter wheat roots.

On the background of stevioside, under the action of CuSO4, CdSO4 and ZnSOa4 1 at a concentration of
mM, the enzyme activity increased slightly as compared with the action of heavy metals only. The greatest
increase in activity was observed in the experiment with cadmium, where the difference was 13%, and in the
case of copper and zinc, the increase was 7%. Perhaps, this effect of stevioside on the enzyme activity is
associated with a decrease in HM uptake by plants under its influence.

Ascorbate peroxidase (APO) is an integral part of the ascorbate-glutathione cycle. While catalase

utilizes mainly H20: in peroxisomes, the ascorbate peroxidase performs the same function in the cytosol and
chloroplasts. Ascorbic acid [17] is used as the ascorbate peroxidase reducing agent.
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APO has better affinity for H202 than catalase, which leads to a more efficient utilization of H20>
during stress [18].

Stevioside (10 M) had little effect on the activity of the test enzyme (Fig. 3). The activity of ascorbate
peroxidase also remained the same under the influence of all investigated HMs at a low concentration, and did
not virtually differ from control plants (Fig. 3). Otherwise, high HM concentrations caused an increase in APO
activity as compared to control, but to various extent (Fig. 4).

Changes in this indicator were similar to those under the action of copper and cadmium. CuSO4 and
CdSOs at concentration of 1 mM caused an increase in the enzyme activity by 64% and 60%, respectively, as
compared to the control. Zinc, in a sublethal concentration (1 mM), in turn, caused an increase in the activity
of the test enzyme by 31%.

With the application of stevioside, the APO activity under the influence of low HM concentrations did
not change. At the same time, stevioside partially removed the effect of copper, cadmium, and zinc at a high
concentration (1 mM) on the enzyme activity (Fig. 4). Experiments with copper and cadmium with the
application of stevioside show increase in this indicator by 38% and 41%, respectively (as compared to 64%
and 60% in the experiments without stevioside). Zinc under the influence of stevioside increased the enzyme
activity by 20%, while the experiment without stevioside pretreatment showed increase in activity equal to
31%.

Proline - an amino acid that refers to one of the twenty proteinogenic amino acids. Under stress, its
share in the total pool of free amino acids of plant cells may be about 5% [19].

There have been a lot of data received about the accumulation of proline in different varieties in
response to the toxic ions Cd%*, which correlates with a decrease in the level of cadmium-induced ROS
production [20]. It has been shown that proline treatment is also effective for the reduction of the level of
cadmium damaging effect on cowpea plants, due to the maintenance of high glutathione levels and its
metabolic enzyme activity [20].

Adding HM into the plant growth environment resulted in the increased proline levels, which
indicates a quick response of plants to the pollutant-induced stress. There is a clear dependence of the proline
biosynthesis on the metal and its concentration. Copper and zinc at suboptimal concentrations had virtually
no effect on the level of proline, since these two metals are a part of the trace elements and their low
concentration causes no stress in plants. While their sublethal concentration resulted in significant increase in
proline content: copper - by 17 times, and zinc - by 5 times. Cadmium, in turn, caused elevated levels of the
studied amino acid already at low concentration by almost 4 times, and at high - by 14 times.

Table. 3. The content of proline (ug/g dry weight) in the roots of winter wheat grown in water and stevioside at CuSO4

action, CdSO,4 and ZnSO,.
variant H20 Steviosid
Control 4.0+1.1 16.05+1.2
Cu (10 pM) 5.3+2.1 15.9+2.5
Cu (1 mM) 68.4+2.3 80.5+3.7
Cd (10 pM) 15.2+1.3 44.5+1.1
Cd (1 mM) 56.07+2.1 63.9+2.3
Zn (10 pM) 4.04+1.7 15.4+1.7
Zn (1 mM) 20.5+2.4 35.08+3.1
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Stevioside stimulated the accumulation of proline in roots of wheat seedlings by 4 times in
comparison with the plants grown with the addition of water. Probably, the proline level in this case may
indicate an increasing adaptive capacity of the plants treated with stevioside.

Seedlings treated with stevioside and HM has shown increase in proline concentration higher than in
the experiment with only HM treatment. We should note that the maximum content of proline was detected
in the experiments with sublethal doses (1 mM) of HM (Cd, Zn, Cu). Probably, stevioside induces the formation
of low molecular weight antioxidant, aimed at protecting the cell and its compartments from HM exposure.

SUMMARY

The data obtained indicate that stevioside shows its protective properties under the influence of
pollutants, reducing thereby the level of oxidative stress in plants. Based on the available results of the study
of the antioxidant properties of stevioside, we can assume that the diterpene glycoside can be used as anti-
stress agent.

CONCLUSION

Changes in the activity of the studied enzymes, which are components of the antioxidant system of
plants, indicates reduction in the level of stress caused by heavy metals under the action of stevioside.
Perhaps, the obtained effect of the diterpene glycoside is associated with an increase in the content of a stress
protein proline, which can act as a low molecular weight antioxidant.
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