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Among anthropogenic factors polluting ecosystems and affecting living organisms, mercury, and its

compounds are the most toxic. In this study, we investigated the effect of mercury ions on freshwater live-bearing
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fish Poecilia reticulata. The cytotoxicity of mercury was analyzed on Poecilia reticulata fry using the MTT test.

Studies have shown that small concentrations of mercury can have a stimulating effect on the metabolic activity

of fish cells, but at high concentrations, the mercury had a depressing effect.

Introduction

Intensive industrial and agricultural use of natural
resources has caused a significant change in the direction and
rate of migration, zones of removal, and accumulation of most
chemical elements, including heavy metals in soils and water
bodies, which has led to the deterioration of the environment
and the health of the living population [1-4].

Pollution of natural waters is one of the global environmental
problems of our time. Along with climatic changes in
temperature, illumination, gas, and salt composition, pollution
is almost the most important environmental factor to which
aquatic organisms are exposed. The strength of this impact
is determined by qualitative and quantitative features. The
former is determined by the probability of toxicants entering
the water, the latter by their concentration in the water, and
the duration of the impact on biota.

Among anthropogenic factors that pollute ecosystems and
affect living organisms, mercury, and its compounds are the
most toxic [5-9]. Mercury contamination of natural waters,
plants, and animals is currently characteristic of many regions
of the planet. It is associated with the entry of a large amount
of mercury into the biosphere as a result of both natural
processes and anthropogenic activities. The danger is not only
salvo discharges, but also moderate amounts of pollutants
entering the waters, for example, flushing from the earth’s
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surface with rain and meltwater [6]. Such substances are
most often in concentrations that do not exceed the MPC, but,
accumulating in bottom sediments, tissues of aquatic plants,
and animals, pose a real threat of secondary pollution, when the
concentration gradient comes from the deposited state into the
aquatic environment [10]. The problem of mercury pollution is
relevant even for aquatic ecosystems in the immediate vicinity
of which there are no local sources of metal pollution [6,11,12].

Mercury is a typical complexing agent. Complexes formed
as a result of the active interaction of ionic forms of mercury
with organic ligands accumulate in bottom sediments, where
their concentration can be ten times higher than in water [13].

In the case of ingestion of mercury compounds in the living
organism, there are negative changes in various body systems,
such as changes in the functional state of the central nervous
system and neurotoxic effects [14].

The widespread use of mercury, as well as the pollution of
the environment by it and its compounds, make the study of
the impact of this metal extremely relevant.

Materials and methods

For breeding Poecilia reticulata  (Peters, 1859),
thermostatically controlled, aerated, illuminated aquariums
with a capacity of 50 liters were used. The water temperature
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maintained in the aquariums was 27 °C, the average pH was
7.58 and the light regime was 10 hours. The average planting
density was 1 male per 1-2 L of water, and 2-4 L per female.
The diet of the fish was mixed and consisted of life (daphnia,
gammarus) and dry (mixtures of flakes, pellets) feed.

Mercury solutions in concentrations of 1 and 10 MPC were
investigated in the study. The MPC of mercury was taken as
0.0005 mg/L. Mercury (II) nitrate was used to prepare mercury
solutions.

The cytotoxicity of mercury was analyzed on Poecilia
reticulata juvenile fish of 3 weeks of age using the MTT assay
according to the standard method. [15].

For the analysis, the fry from each experimental and control
group was transferred into <«Eppendorf>-type microtubes,
and an MTT assay for metabolic activity was performed.
For this purpose, water was removed from the microtubes,
100 pL of MTT solution was added, and incubated for 1 h at
room temperature in the dark. At the end of incubation, the
supernatant was carefully removed, and 200 pL of DMSO
was added. After 10 min, the contents of the microtubes
were homogenized using a pestle. After the dissolution
of the formazan pellets, the supernatant from each test
sample was transferred 200 ul to the wells of the plate and
analyzed on a «StatFax 2100>» immunoenzymatic analyzer
(«AwarenessTechnology>, USA, VIS-model). The optical
density was determined at a wavelength of 492 (operating) and
630 nm (noise).

The significance of the difference with the control was
assessed by the Mann-Whitney test. The calculations were
carried out using the software package Statistica for Windows,
version 12.

Results of the study

The action of mercury compounds affects the activity
of mitochondrial enzymes involved in energy production
processes, which leads to a decrease in mitochondrial
membrane potential, separation of components of the electron
transport network, the accumulation of ROS in the cell, and
oxidative stress [16-19].

The MTT assay is based on the ability of mitochondrial
dehydrogenases to reduce MTT, integrally reflecting the
number of reactive oxygen species, the ratio of living and dead
cells, and the work of the antioxidant system. The subsequent
photometric analysis allows us to compare the change in the
optical density of the solution relative to the control with the
change in the number of viable cells and evaluate the efficiency
of the cytotoxic action of the analyzed compound. Cells with a
low metabolic rate will recover MTT in small amounts, while
rapidly dividing cells will show a high degree of recovery. Figure
1 shows the dependence of the cytotoxic action of mercury ions
on fish cells obtained by the MTT assay.

1 MPC of mercury causes stimulation of the metabolic
activity of Poecilia reticulate cells by 25.58% after 60 minutes
of exposure and by 44.19% after 90 minutes of exposure
(Figure 1).
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Correlation of the metabolic activity of Poecilia reticulata cells
on the action of mercury ions
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Figure 1: Correlation of the metabolic activity of Poecilia reticulata cells on the action of

mercury ions. 1 MPC (0.0005 mg/L) and 10 MPC (0.005 mg/L) *P < 0.05 - Mann-Whitney test.

Exposure to mercury ions at a concentration of 10 MPC
causes a decrease in metabolic activity by 12.09% at 60 minutes
of exposure and by 21.09% at 90 minutes of exposure.

Discussion

Stimulation of metabolic activity of Poecilia reticulate cells
upon exposure to 1 MPC of mercury is presumably caused
by activation of detoxification systems represented by SH-
containing compounds with high affinity for which mercury
has, and effective work of the antioxidant system. It is
impossible not to note the high resistance to peroxidation in
fish [20-22].

The decrease in metabolic activity when exposed to 10 MPC
of mercury can be explained, first of all, by the depletion of
components of the antioxidant and detoxification systems,
which causes increased generation of free radicals and reactive
oxygen species, as well as “occluding” of ion channels and
disorders of mitochondria.

Conclusion

Mercury pollution of natural waters is definitely an
important problem that cannot be solved even if mercury is
removed from industrial circulation. Mercury-containing
waste has been causing significant damage everywhere for
decades.

It has been found that low concentrations of mercury can
have a stimulating effect on the fish Poecilia reticulata, which is
presumably due to the effective functioning of the antioxidant
system and, among other things, the metallothionein proteins
at low concentrations of the pollutant.

High concentrations of the pollutant under study had a
depressing effect, presumably caused by increased generation
of free radicals and reactive oxygen species, as well as
“clogging” of ion channels and disruption of mitochondria.

For a more detailed understanding of the effects of mercury
compounds on various hydrobionts, it is worth considering
a wider range of concentrations with shorter measurement
intervals in the future, as well as investigating other mercury-
containing compounds. Such studies will provide a holistic
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picture of the effects of mercury and its suppressive and
stimulatory effects at various concentrations. This information
can be used for the successful selection of test objects in
biotesting.

References

Agarkov VI, Grishchenko SV, Antropova OS, Lihobabina OA, Koktyshev IV. Modern
patterns of the formation of diseases of the circulatory system among the urban
adult population in conditions industrial Donbass with polyextreme habitat.
Proceedings of the International Scientific Conference. Donetsk readings 2016.
Education, science and modern challenges. Materials of the | International
Scientific Conference. 2016; 2: 273-275.

Asylbaev IG, Habirov IK. The content of alkali and alkaline earth metals in the soils
of the southern Urals. Pedology. 2016; 29.

Grebnyak NP, Agarkov VI, Grishchenko SV, Shchudro SA, Buryak LI. Health of the
population of Ukraine in the global dimension. Medical Perspectives. 2012; 128-
134.

Moiseenko TI, Kudryavceva LP, Gashkina NA. Scattered elements in the surface
waters of the land: technophilicity, bioaccumulation and ecotoxicology. Moscow,
Nauka, 2006; 261.

Kramar KV, Kyrov DN. The content of mercury in the organs and tissues of fish.
Science symbol. Symbol of Science. 2017; 5.18-21.

Nemova NN. Biochemical effects of mercury accumulation in fish. Moscow, Nauka,
2005; 164.

Shuvalova OP, Ivanova ES, Komov VT. Impact of mercury accumulation on the
health status of women of reproductive age. Population Health and Habitat. 2018;
36-39.

Diaz RJ, Rosenberg R. Spreading dead zones and consequences for marine
ecosystems. Science. 2008; 321: 926-929.

Grippo MA, Heath AG. The effect of mercury on the feeding behavior of fathead
minnows (Pimephales promelas). Ecotoxicol Environ Saf. 2003 Jun;55(2):187-98.
doi: 10.1016/50147-6513(02)00071-4. PMID: 12742368.

Shenker BJ, Guo TL, Shapiro JM. Induction of apoptosis in human T-cells by methyl
mercury: temporal relationship between mitochondrial dysfunction and loss of
reductive reserve. Toxicology and Applied Pharmacology. 1999; 157: 23-35.

Shuvyrdenkov IA, Gremyachih VA, Zaripov VN. Mercury and other heavy metals

20.

21.

22.

https://www.peertechzpublications.com/journals/international-journal-of-aquaculture-and-fishery-sciences 8

in ecosystems. Modern methods of studying the content of heavy metals in the
environment. 2018; 72-73.

Berzas Nevado JJ, Rodriguez Martin-Doimeadios RC, Guzmén Bernardo FJ, Jiménez
Moreno M, Herculano AM, do Nascimento JL, Crespo-Lépez ME. Mercury in the
Tapajos River basin, Brazilian Amazon: a review. Environ Int. 2010 Aug;36(6):593-
608. doi: 10.1016/j.envint.2010.03.011. Epub 2010 May 16. PMID: 20483161.

Kuzubova LI, SHuvaeva OV, Anoshin GN. Methylmercury in the environment
(Distribution, formation in nature, methods of determination). Ecology. A series
of analytical reviews of world literature Ecology. A series of analytical reviews of
world literature. 2000; 1-82.

Mercury in the biosphere: ecological and geochemical aspects. Proceedings of the
International Symposium (Moscow, September 7-9, 2010)]. Moscow, GEO-HI RAN,
2010; 477.

Sarapul’ceva El, Ryabchenko NI, Igolkina YUV, Ivannik BP. The use of a cellular
biochemical method for biotesting and the removal of radiation pollution of the
environment. Radiation Biology Radioecology. 2013; 53: 634-638.

Aref'eva AS, Barygina VV, Zacepina OV. Modern ideas about the effect of mercury
compounds at the cellular and systemic level (review). Human Ecology. 2010; 35-41.

Meshcheryakova OV, Gruzdev Al, Nemova NN. Comparative assessment of
carbohydrate metabolism in perch (Pepper fluviated L.) from water bodies with
different content of humic acids. Izvestia RAS. Biological Series, Proceedings of the
Russian Academy of Sciences. The Series is Biological. 2004; 31: 15-20.

Hare MF, Atchison WD. Methylmercury mobilizes Ca++ from intracellular stores
sensitive to inositol 1,4,5-trisphosphate in NG108-15 cells. Journal of Pharmacology
and Experimental Therapeutics. 1995; 272; 1016-1023.

River watch. Manual for public environmental monitoring. Saint-Petersburg,
R-COPY Ltd. 2015; 32.

Rana SV, Singh R, Verma S. Mercury-induced lipid peroxidation in the liver, kidney,
brain and gills of a fresh water fish, Channa punctatus. Japan J Ichthyol. 1995; 43:
255-259.

Gyjbadullin NSH. Disposal of mercury-containing waste. Successes of Modern
Natural Science. 2007; 30-34.

Geffard A, Geffard O, Amiard JC, His E, Amiard-Triquet C. Bioaccumulation of
metals in sediment elutriates and their effects on growth, condition index, and
metallothionein contents in oyster larvae. Arch Environ Contam Toxicol. 2007
Jul;53(1):57-65. doi: 10.1007/500244-006-0046-y. Epub 2007 Apr 26. PMID:
17464440.

Citation: Afonin A, Komarova LN, Lyapunova ER (2023) The effect of mercury ions on the metabolic activity of Poecilia Reticulata cells. Int J Aquac Fish Sci
9(1): 001-003. DOI: https://dx.doi.org/10.17352/2455-8400.000085



