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1’ Introduction

The environment continuously influences the structure and function of living organisms [1].
Under the influence of many environmental factors, changes in the parameters of all body
systems occur [2]. They provide adaptation [3] or contribute to the emergence of
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dysfunctions and pre-pathology [4]. For this reason, a detailed clarification of the aspects of
environmental influences on the body is very important for assessing the danger of
individual environmental factors [5] and clarifying the standards for various parameters of
external influences [6]. These studies are of particular practical importance on multicellular
organisms [7], as they can reveal their strategies in adapting to various living conditions
[8].

Due to the growth of cities in the world and an increase in population density, thes
gradual increase in the amount of transport and the development of the sphere of
services. This leads to an increase in the volume of man-made emissions into thq
The situation is complicated by the steady expansion of the chemical
pollutants [9,10]. In this regard, the pollution of fresh water bodies with

high toxicity, are very slowly removed from the body [10].

Due to the increase in anthropogenic pollution of the
and synthetic surfactants, it becomes necessary to ass
pollution by them and clarify aspects of their biologi ]. To date, the

ave been widely

still require clarification
ophyte vegetation need to
odies and changes in their
ant object of bioindication of
aquatic plants to the appearance of

individually and especially when combined on
[22,23]. In particular, aspects of the responses of
be clarified. It is capable of reflecting t
environmental conditions [24,25] and
natural waters [26,27]. The various

extent.

In all organisms, reg
tical activity. Under conditions of negative
t, the production of free radicals is especially

influences on the b,
i development of oxidative stress and the appearance of

pronounced. T

tants into the environment separately in combination on the activity of the
idant enzymes in the tissues of Ceratophyllum demersum and Egeria densa.

The following freshwater macrophytes were selected to carry out the study: submerged
hornwort (Ceratophyllum demersum) and Brazilian elodea (Egeria densa).

The experiment was carried out in laboratory conditions at the same sufficient intensity
and duration of regular light flux, as well as at a constant temperature (20°C). During the
experiment, the plants were divided into groups differing in their growing environment
(Table 1).
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Table 1. Experimental groups of Ceratophyllum demersum and Egeria densa in the study performed

Experimental plant groups Environment
1 group (control Ceratophyllum Filtered tap water, 20°C
demersum)
2 group (control Egeria densa) Filtered tap water, 20°C
3 group (Ceratophyllum demersum) | 100 umol/l lead ions in filtered tap water, 20°C
4 group (Egeria densa) 100 pmol/l lead ions in filtered tap water, 20°C

5 group (Ceratophyllum demersum) | 1% solution of anionic synthetic surfactants (Dosya laundr
detergent, made in Poland), 20°C

6 group (Egeria densa) 1% solution of anionic synthetic surfactants (Dosya I
detergent, made in Poland), 20°C

7 group (Ceratophyllum demersum) | 100 pmol/l lead ions + 1% solution of anionic
surfactants (Dosya detergent, made in Polan
water, 20°C

8 group (Egeria densa) 100 pmol/l lead ions + 1% solution of
surfactants (Dosya detergent, made
water, 20°C

[30,31],
experimental control points were determined that corresponde the phases of its
occurrence. Thus, 1, 2, 4 and 12 hours of influenc, rimary inductive
stress reaction. In this case, the third day (72 a
manifestation of the second phase of stress.

activity of a number of enzymes of the
ascorbate oxidase and catalase) was s
common chemical environmental poll

sponse to the action of very
ol/l lead ions and 1% solution of
detergent “Dosya”, produced in

The activity of the ab termined using generally accepted methods
the peroxidase activity g to the method for catalase activity [33]
according to the m hall it dase activity [32]; according to the method for

ascorbate oxidas i tatistical processing of the results was performed using the

the studies, it was revealed that the plants Ceratophylum demersum and
ce stress in response to the influence of the tested pollutants. The

reaction [25]. However, the dynamics of enzymatic activities are different
es of the studied plants and ambiguous for various enzymes. For both plant
species, the most significant differences from control levels and levels in the first 4 hours of
exposure to lead ions and a surfactant were noted.

In the tissues of Ceratophylum demersum in the first 4 hours after exposure to lead ions,
the activity of catalase and peroxidase decreased by 4 and 2 times, respectively, compared
to the control. The activity of ascorbate oxidase and polyphenol oxidase after 4 hours of
exposure increased by 2.9 times and 28.5%, respectively (Table 2). Similar changes were
noted for the enzymatic activity of Egeria densa tissues, although the differences were less
pronounced (Table 3).
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Table 2. Activity of antioxidant enzymes in the tissues of the plant Ceratophylum demersum located
in a medium containing lead ions

Research Catalase, ncat/l Peroxidase, Ascorbate Polyphenol

checkpoints Ul/leseg plant oxidase, optical oxidase, relative
tissue density units units/mineg plant

tissue

Control 22.3+0.029 12.6+£0.20 175.4+0.86 22.8+0.30

1 an hour of 20.6+0.23 11.4+0.09 177.7+0.89

experimentation

2 hours of 14.8+0.17™ 11.2+0.10* 162.6+0.79

experiment

4 hours of 6.6+0.06™ 6.2+0.05™ 251.8+1.06**

experiment

12 hours of 13.5+£0.16%* 4.7+0.04™ 620.243.45™

experiment

72 hours of 22.0+0.27 6.5+0.05™

experiment

Note. Significance of differences between the data in
experiment: * — at the p<0.05 level, ** — at the p<0.0

changes in enzyme activity in the first 4 hours o
with the development of the primary inductive s

es) than the control values.
its original value (control).
tarting from 4 hours of exposure,

Ceratophylum demersu

Exposure to lead io
i enzymes in the tissues of the experimental groups
times, peroxidase activity by 39.5%, ascorbate oxidase
enoloxidase — 2 times (Table 3). At the same time, the

ity of antioxidant enzymes in the tissues of the plant Egeria densa located in an
environment containing lead ions

Catalase, ncat/l Peroxidase, Ascorbate Polyphenol
U/leseg plant oxidase, optical oxidase, relative
tissue density units units/mineg plant
tissue
32.5+0.34 12.4+0.16 120.3+0.87 7.5+0.09
1 an hour of 37.2+0.36* 16.3+0.18** 118.4+0.82 8.0+0.11
experimentation
2 hours of 30.4+0.29 14.6+0.15* 126.4+0.64 13.2+0.15™
experiment
4 hours of 28.7+0.25* 12.8+0.12 147.1+£0.89™ 14.6+0.14™
experiment
12 hours of 32.8+0.25 14.2+0.12* 183.7+0.89™ 18.2+0.21™
experiment
72 hours of 49.5+0.48™ 17.3+0.18™ 190.0+£2.03™ 15.7+0.17™
experiment

Note. Significance of differences between the data in the control and the data during the

experiment: * — at the p<<0.05 level, ** — at the p<0.01 level.
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Analyzing the enzymatic activity in the tissues of Ceratophylum demersum and tissues
of Egeria densa under the influence of surfactants, faster and more dramatic changes in the
activity of the monitored enzymes were revealed than under the influence of lead ions
(Tables 4 and 5).

Table 4. Activity of antioxidant enzymes in the tissues of the plant Ceratophylum demersum in a

solution of an anionic surfactant compound

Research Catalase, ncat/l Peroxidase, Ascorbate
checkpoints U/leseg plant oxidase, optical

tissue density units

Control 22.3+0.29 12.6+£0.20 175.4+0.86

1 an hour of 31.9+0.36™ 14.4+0.26* 182.3£0.82

experimentation

2 hours of 30.5+0.40™ 14.8+0.20* 190.8+0.78

experiment

4 hours of 63.1+0.42™ 21.0£0.19™

experiment

12 hours of 95.240.75™ 54.7+0.40™

experiment

72 hours of 13.6+0.22™ 37.2+0.26™

experiment

Note. Significance of differences between the
experiment: * — at the p<0.05 level, ** — at the p

eria densa in a solution of an

Table 5. Activity of antioxidant enzymes j
anioni

Research Catalase, ncat/l Ascorbate Polyphenol
checkpoints oxidase, optical oxidase, relative
density units units/mineg plant
tissue
Control 120.3+0.87 7.5+0.09
1 an hour of 6.8+0.17** 143.740.78" 9.840.10™
experimentation
18.240.25™ 158.6+0.91" 10.2+0.07**
31.3+0.38™ 137.840.86" 13.6+0.15™
48.8+0.32™ 126.7+0.91 14.2+0.14™
49.0+0.46™ 101.5+0.89" 26.8+0.13™

er 4 hours of exposure to synthetic surfactants on Ceratophylum demersum, an
increase was noted (compared to the control values of similar enzymes) in the activity of:
- 2.8 times, peroxidase - 1.6 times, ascorbate oxidase - 1. 4 times,
polyphenoloxidases — 2.7 times. For the enzymes taken into account, the greatest
differences from the level of the control group Ceratophylum demersum were detected after
12 hours of action of synthetic surfactants. Thus, during these observation periods, catalase
activity exceeded control values by 4.2 times, peroxidase activity by 4.3 times, ascorbate
oxidase activity by 2 times, and polyphenoloxidase activity by 5.5 times.

In the tissues of Egeria densa, when exposed to synthetic surfactants, significant
differences were also noted from similar indicators of the control group of plants after 2
hours. Thus, after 2 hours of exposure, catalase activity exceeded control values by 37.2%,
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peroxidase activity by 43.3%, ascorbate oxidase activity by 29.5%, and polyphenol oxidase
activity by 34.2%. However, if for the activity of catalase, peroxidase and
polyphenoloxidase, as the duration of exposure increased (after 72 hours), their activity
increased (by 84.4%, 3.8 times, 3.5 times, respectively), then ascorbate oxidase activity by
72 hours decreased compared to the control by 20.6%.

The identified differences in the nature of the response of plants to the action of
synthetic surfactants can be explained by the fact that these compounds, once in the aguasi

Egeria densa under the influence of both toxic substanc
100 umol/l and 1% solution of a surfactant compound

Table 6. Activity of antioxidant enzymes in the tissue
in a medium containing lead ions and

Research Catalase, ncat/l Peroxidas te Polyphenol
checkpoints ptical oxidase, relative
units units/mineg plant
tissue
Control 22.3+0.29 175.4+0.86 22.8+0.30
1 an hour of 25.0+£0. 182.1+0.86 24.0+0.19
experimentation
2 hours of 19%* 179.4+0.95 40.4+0.28™
experiment
4 hours of A7 165.3+0.81 67.5+0.33™
experiment
12 hours of 2.3+0.09™ 124.340.52™ 64.8+0.39™
experiment
5.5+0.07" 295.4+0.71" 39.44+0.41™

ces between the data in the control and the data during the
level, ** — at the p<0.01 level.

emersum tissues, catalase activity tended to increase slightly by 72
ent. In the tissues of Egeria densa, the level of activity of this enzyme

ose when exposed to lead ions only, decreasing by 2.3 times. Dynamics of a
imilar direction were noted for the activity of Egeria densa peroxidase, which after 72
aurs of the experiment exceeded the control level by 2.3 times.
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Table 7. Activity of antioxidant enzymes in the tissues of the Egeria densa plant located in a medium
containing lead ions and an anionic surfactant compound

Research Catalase, ncat/l Peroxidase, Ascorbate Polyphenol
checkpoints Ul/leseg plant oxidase, optical oxidase, relative
tissue density units units/mineg plant
tissue
Control 32.5+0.34 12.4+0.16 120.3+0.87

1 an hour of 34.5+0.32 14.8+0.19* 112.3+0.36
experimentation

2 hours of 30.8+0.41 18.940.17™ 128.5+0.75
experiment

4 hours of 46.2+0.47" 23.6+0.24™ 152.6+0.68™
experiment

12 hours of 44.2+0.40™ 21.0£0.31™ 132.3+0.78°
experiment

72 hours of 54.740.37" 28.9+0.14™

experiment

Note. Significance of differences between the data in the contro the data during the

experiment: * — at the p<0.05 level, ** — at the p<O0.

Ceratophylum demersum
conditions of exposure to
rs of exposure by 19.6%

An assessment of ascorbate oxidase activity
under the combined influence of pollutants show
lead ions only, the activity of this enz
compared to the control. In the tissu
increased throughout the experiment, ximum towards the end. These data

was observed.

ity in the tissues of Ceratophylum demersum
ivity of this enzyme, which amounted to 1.7
es for Egerza densa by 72 hours of exposure

activity of antioxidant enzymes in its cells, including per0x1dase
ascorbate oxidase and catalase. In conditions of increasing

¢ discharges on the antioxidant protection of aquatic organisms. These include
heavy metal ions, anionic synthetic surfactants and their combinations. The toxicity of these
pounds towards antioxidant enzymes (peroxidase, polyphenol oxidase, ascorbate
oxidase and catalase) on Ceratophyllum demersum and Egeria densa was assessed.

The identified features of enzymatic activity in the tissues of aquatic macrophytes
indicate different levels of their biological capabilities. At the same time, the activity of
antioxidant enzymes when plants are exposed to individual pollutants and their
combinations is determined by the chemical nature of the pollutant itself, the main
mechanisms of its action on the plant organism, the duration of exposure and the
localization of these enzymes in cell compartments.
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