ISSN 0206-5657. BicHuk JIbBiBCbKOrO YHiBepcuTeTy. Cepis GionoriyHa. 2022 Bunyck 87. C. 54—61
Visnyk of the Lviv University. Series Biology. 2022. Issue 87. P. 54-61

EKOJIOT'TA

DC 594.3:595.132:547.993:543.395 HTTPS://DOI.ORG/10.30970/
VLUBS.2022.87.05

COMBINED IMPACT OF TOXICANTS AND HELMINTHS ON GREAT POND
SNAIL (LYMNAEA STAGNALIS L.) HOMEOSTASIS STABILITY

G. Kyrychuk!, A. Stadnychenko!, O. Uvayeva®*

!Zhytomyr Ivan Franko State University
40, Velyka Berdychivska St., Zhytomyr 10002, Ukraine
2Zhytomyr Polytechnic State University
103, Chudnivska St., Zhytomyr 10005, Ukraine
‘e-mail: bio-2016@ukr.net

Anthropogenic pressure on the hydrosphere has led to the progressive increase in its
pollution by various components of both industrial and domestic effluents. The surfactants,
which are the components of synthetic detergents, are among the most dangerous for aquatic
organisms.

The effect of different concentrations of detergent “Ushastyi nian” produced by
“Vinnytsiapobutkhim” was studied in concentrations of 2.5, 5, 10, 20, 40 mg/dm? on a num-
ber of physic-chemical parameters of the homeostasis of haemolymph of Lymnaea stagnalis
(Linnaeus, 1758). The investigated great pond snails were intact or infected with various
life cycle stages (maternal and daughter redia, cercariae) of the trematode Echinoparyphium
aconiatum Dietz, 1909. The studied material includes 315 individuals of molluscs collected
by hand in the reservoirs of the drainage and reclamation system in the basin of the Teteriv
River (right-bank tributary of the Middle Dnieper river) in Central Polissya (Zatyshshia vil-
lage, Zhytomyr Region). The toxicological experiment was conducted by standard scheme
according to (Alekseev, 1981). It was preceded by a mandatory (Khlebovich, 1981) 15-day
acclimation of animals intended for toxicological examination to aquarium conditions (vol-
ume of aquaria 20 1, density of molluscs 3—4 individuals/l, water temperature 20-22 °C, pH
7.9-8.4, oxygenation 8.1 to 8.5 mg O,/dm’).

The presence of molluscs in toxic environments was accompanied by the develop-
ment of a responsive reaction such as poisoning. The most obvious symptoms were quan-
titative changes in the values of physic-chemical parameters of their haemolymph, which
largely ensure its homeostasis. These parameters include the total protein level, the specific
gravity, and pH. In these molluscs, about 90 % of the total haemolymph protein is represen-
ted by haemocyanin. It determines, due to its powerful buffering properties, both the level of
oxygen capacity and water-osmotic pressure in the body of molluscs.

The pathological process, which develops as a result of combined toxicant and hel-
minthic invasion impact on L. stagnalis expresses more clear, quick and higher toxicant
concentration, helminthic invasion intensity and durability level of different lifecycle stages
of trematodes. The experimental molluscs defend themselves against the affected values of
the mentioned indicators of stability of homeostasis by the set of inherent protective and
adaptive reactions (rapid behavioral, physiological and biochemical ones). They aimed at
maintaining the viability of individuals.

The effectiveness of protective and adaptive reactions in trematode-infected mol-
luscs was significantly lower compared to non-infected individuals. The degree of cumula-
tive damaging effect of the toxicant and parasites was determined not only by the concentra-
tion of surfactants. To a large extent it depended on both the rate of the infection and the
stage of the life cycle of parasites. The pathogenic effect of the latter on their mollusc hosts
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decreased as follows: “old” (maternal) redia > “young” (daughter) redia > cercariae.

Keywords: Lymnaea, Trematoda, surfactant solutions, homeostasis

In the second half of XX and the beginning of XXI centuries new artificial and toxic to
freshwater organisms pollutants have emerged [6, 15-18, 23]. Now one of the most acute prob-
lems of hydroecology is the determination of the resistance levels of at least the most abundant
and widespread hydrobionts to different concentrations of the contaminants. The levels of re-
sistance characterize the possibility of formation and persistence of the majority of productive
aquatic ecosystems. Hence the necessity of understanding the reactions of dominant species to
different toxicity levels of aquatic environment. Such data are very important for choosing the
biomarker species for testing and bioindication in the monitoring of natural waters [4, 6, 7, 9,
17]. They are also needed to create unified (ecological) qualifying system for natural land surface
waters of Ukraine [22].

In the last few decades, the natural waters of Ukraine have become more and more pol-
luted with various synthetic detergents [5, 7, 18, 20]. Usually they include surfactants (SA), both
anion-active (alkyl sulfates, alkylbenzenesulfonates, alkylarylsulfonates, tetrapropylenebenzene-
sulfonates etc.) and non-ionic ethylene derivatives [13]. Together with municipal and industrial
effluents they get into natural waters. The current MPC standards are 0.5 mg/dm? for anion-ac-
tive and 0.1 mg/dm? of SA for non-ionic detergents [21]. However, in the waste dumping sites
(both industrial and household) the concentrations of SA pollutants significantly exceed the MPC
(20 mg/dm?).

In water bodies and watercourses, SA usually concentrate at the air-water interface and
severely inhibit the oxygen entry into the water through their ability to form surface foams. It
negatively affects the aerobic hydrobionts, targeting their cutaneous and lung breathing. SA de-
struct very slowly, and persist in the environment for a very long time.

Our study aimed to conduct an acute test to determine the particularities of the impact
effect of various SA concentrations on the great pond snail Lymnaea stagnalis (Linnaeus, 1758)
homeostasis stability both intact individuals and infested with helminthes ones.

Material and methods

The study material is 315 specimens of L. stagnalis (height of shell 59.7£2.21 mm) col-
lected manually on 03.05.2020 in small water bodies of drainage system at Central Polyssia in the
basin of Teteriv river (farm Zatyshshia, Zhytomyr region). The animals were transported to the
lab tightly wrapped in several layers of moistened burlap. In the lab the molluscs were acclimated
for 15 days [10]. The conditions were as follows: aquarium volume 20-100 1, animal density 3—5
specimens/l, water temperature 18-20 °C, pH 7.9-8.4, oxygenation 8.1-8.5 mg O,/dm’. Every
three days the water was refreshed. The animals were regularly fed by thin (2-3 mm) carrot,
white cabbage slices, lettuce leaves macerated in water for 5—7 days.

Toxicological experiment was conducted according to standard methods [1]. The pollutant
was modeled by detergent “Ushastyi nian” producted by “Vinnitsiapobutkhim” which contains
5-15 % anion-active and 5 % non-ionic SA. It also contains antifoam substances. In the tentative
experiment, the LC_ was established as <2.5 mg/dm’, LC, = 100 and LC, = 50 mg/dm"as calcu-
lated by moving average. Between the LC_ and LC, five concentrations were chosen for the main
toxicological experiment (2.5, 5, 10, 20, 40 mg/dm?). The exposure was set for three days. Water
was refreshed daily. The animals were not fed. There were controls in all experiments.

After the molluscs were exposed to pollutant they were measured, weighted on WPS
1200/C weights, and dissected with full exsanguinations. The volume of haemolymph was es-
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timated using insulin syringe, specific gravity was evaluated according to Fillips and Van Slyke
[3], pH was tested using express method, total protein content was measured by refractome-
ter RPL-3. The presence or absence of parasitic worms was determined using light microscopy
(Biolam LOMO, x56, x280) of temporary histological preparations of hepatopancreas. Trema-
tode species were identified according to Zdun [22]. Since total protein content and specific grav-
ity of haemolymph are plastic features, CV — up to 50 % (p=95 %) was chosen for characterizing
their changes.

Results and discussion

Body of great pond snails inside is filled with haemolymph and is called haemocoel. Sta-
bility of haemolymph homeostasis is one of the necessary requirements of homeostasis of the
molluscs overall organism and its life activity. One of the most significant characteristics of the
snail’s physiological status is the total protein content in the gastropod’s haemolymph. Nearly
90 % of all haemolymph protein in many molluscs is Cu-containing respiratory pigment hae-
mocyanin (Hcy) [16], and the amount of Hey determines the haemolymph oxygen capacity. The
Hcy does not only transport oxygen, it also has significant buffer properties [2] and maintains
pH balance of the haemocoel at the optimum level. Finally, its concentration regulates oncotic
pressure of the haemolymph, which normally is 1.2—1.3 cm of water column [2, 15]. Similarly to
haemoglobin, Hcy can inversely combine with oxygen, but its activity in this process is 3—5 times
lower compared to haemoglobin. Still the role of Hey in providing oxygen to these molluscs is
really important, because the content of oxygen combined to Hcy is twice higher than that of
oxygen otherwise dissolved in haemolymph plasma [2]. The rest 10 % of haemolymph protein
metabolism-related substances include other proteins, sulfhydryl groups, products of nitrogen
metabolism such as uric acid, ammonia, guanine, allantoin, purine, amino acids and non-protein
(residual) nitrogen [21].

It is found out (Table 1) that neither intact nor infested with Echinoparyphium aconia-
tum Dietz, 1909 (mostly by “mature” (parent) and “young” (daugter) rediae, cercariae, and only
occasionally — metarcercariae) L. stagnalis of control group had got significant changes in total
protein content in haemolymph. We suppose that there are several combined reasons for this.
Firstly, the infestation of molluscs was rather moderate, as only 4—7 % of overall volume of hepa-
topancreas (the organ which is preferable for the helmints) was infected. Also, the foci of parasitic
infestation were both few (2—5 per specimen) and did not spread wide (concentrating on areas
of 1.1-1.5 x 1.5-1.5 cm). Finally, the trematode life stages which are most harmful for molluscs
(“mature” parent rediae), capable of simultaneous holozoic nutrition and parietal digestion [8] —
were not numerous. The “young” rediae with underdeveloped pharynx, intestine and locomotive
appendages could become a significant danger to their hosts only in large clusters and in connec-
tive tissue layers which bound hepatic ducts. The pressure of these peculiar “incrustations” on the
adjacent tissue blocked the delivery of oxygen and nutrients from the haemocoel to the infestation
foci, and hindered the removal of parasite metabolites toxic to their hosts.

In the environment with 2,5 mg/dm? SA, total protein content in haemolymph of intact
L. stagnalis remained at the normal level, while that of infested molluscs tended to decline. This
may indicate the beginning of pathological process in the latter animal group, caused by SA
intoxication. Clearly, the balance of Hcy«O, system shifted to the increasing concentration of
oxyhaemocyanin in the haemolymph which may be a sign of adaptive and protective processes
against the combined harmful influence of toxicants and helminths infestation. Such changes in
the Hey<«—O, system indicate the overall increased metabolism of L. stagnalis [12]. This is sup-
ported also by the simultaneous observations of two protective adaptation reactions in molluscs:
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the behavioral reaction of avoidance and fast protective physiological reaction of mucus secretion
by skin integument.

At 5 mg/dm’ SA in the environment, the gastropods lacking E. aconiatum were shown to
have lower total protein content in haemolymph, possibly due to the additive shift of the Hcy«<—O,
system. The snails infested with that helminths were unable to use this measure of protection
against the toxicant in that concentration, as seen from the increased total protein content in their
body (p<0,01). This concentration of SA caused progression of intoxication in the animals of the
latter group to the next phase, which is depression. The intact animals in contrast, stayed at the
stimulation phase. The depression phase is characterized by the beginning and fast development
of increased water content in soft bodies of the snails. The first signal of this process is fine sparse
adhesiveness over molluscs head and dorsally on foot, later the adhesiveness spreads and solidi-
fies into extensive swelling.

Table 1
Effect of SA and trematode infestation on the some physic-chemical features
of haemolymph homeostasis of L. stagnalis
Tolal protein, % Sp ecf/cc ir}avny, pH
Infestation n i Mem i Mim i MEm
CV, % CV, % CV, %
Control
Absent 28 1,2-2,2 1,82+0,01  1,13-1,25 1,1440,01 7,0-8,0 7,64+0,13
Present 26 1,5-2,0 1,84+0,06  1,20-1,24 1,16+£0,02 6,0-8,0 7,52+0,19
2,5 mg/dm?
Absent 19 1,3-2,1 1,79+£0,05  1,10-1,17 1,11£0,01 7,0-8,0 7,60+0,16
91,00 91,00 92,50
Present 16 1,2-1,8 1,70+£0,07  1,05-1,21 1,13+£0,02 7,0-8,0 7,59+0,19
92,50 91,00 93,50
5 mg/dm?
Absent 17 1,5-1,7 1,62+0,03  1,09-1,25 1,17£0,04 7,0-8,0 7,57+0,17
94,50 91,00 93,50
Present 8 1,4-2,2 1,90+0,04  1,18-1,28 1,21+0,06 7,0-8,0 7,49+0,21
94,50 93,00 91,00
10 mg/dm?
Absent 36 1,4-2,1 1,91£0,05 1,11-1,73 1,16+£0,02 6,0-9,0 7,67+0,26
94,00 90,00 91,00
Present 31 1,5-2,3 2,16£0,04  1,22-1,91 1,19+0,01 6,0-8,0 7,11£0,19
96,00 92,50 95,50
20 mg/dm?
Absent 37 1,6-2,3 2,10+0,08  1,13-1,36 1,20+£0,01 6,0-7,0 6,88+0,34
96,00 92,00 97,60
Present 29 1,5-2,8 2,61+0,07  1,11-1,35 1,29+£0,02 6,0-7,0 6,60+0,45
97,50 94,00 98,00
40 mg/dm?
Absent 33 1,6-2,4 2,02+0,06  1,22-1,41 1,28+0,02 5,0-7,0 6,18+0,28
95,50 94,00 98,70
Present 35 1,7-3,4 3,22+40,12 1,21-1,44 1,31+£0,02 5,0-7,0 6,02+0,33
99,70 94,50 99,00

In the environment with 10 mg/dm® SA, the negative influence of the toxicant is observed
in both experimental groups, though differently. The intact specimens entered the depression
phase, and the infested animals were deeply depressed. The latter is evidenced by the increase in
total protein content by 17 % compared with control (p<0,01), intense mucus formation on the
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body surface and respiratory epithelium in the lung, loss of locomotion, highly increased water
content of soft tissues (Table 2). The soft body of infested animals weighted significantly more
than the soft body of intact molluscs (28.3 % compare to 8.8 %). Depressed lung and cutaneous
respiration, or its lack can cause the development of hypoxic and anoxic stress in these animals.
The molluscs that experience hypoxia and anoxia are known to revert to glycolysis [11, 13, 14].
The resultant energy is much less than in case of aerobic cleavage of glycogen. However, this
allows the animals to survive for at least some time. It is obvious that the infested molluscs are
unable to implement glycolysis as fully as the intact individuals because the tissues of hepatopan-
creas are destroyed in the foci of trematode infestation through mechanical damage and “bio-
chemical mining” (one of the organ’s functions is glycogen storage).

At20 and 40 mg/dm? SA all experimental animals had demonstrated hypoproteinemia. The
increased total protein content compared with that at 10 mg/dm? of toxicants is 9.9 and 16.2 %
respectively in intact and 20.8 and 49.1% respectively in the infected individuals (p<0,01). This
substantial difference in the discussed characteristic between these two animal groups indicates
the much smaller endurance of infested molluscs against the combined damage of toxins at hel-
minths. The changes in specific gravity of haemolymph are notably analogous to those of total
protein content (Table 1).

Table 2
Effect of SA and trematode infestation on water content in soft body of L. stagnalis
Infestation ‘ n ‘ lim ‘ M+m ‘ CV, %
Control
Absent 28 2,17-3,99 3,51+0,19 -
Present 26 2,46-3,66 3,41+0,13
2,5 mg/dm?
Absent 19 2,45-3,80 3,63+0,21 93,00
Present 16 2,76-3,87 3,51+0,17 93,00
5 mg/dm?
Absent 17 2,99-3,93 3,74+0,19 93,50
Present 8 3,14-3,97 3,79+0,15 94,00
10 mg/dm?
Absent 36 2,85-4,99 3,82+0,11 94,00
Present 31 2,87-4,37 3,99+0,15 97,00
20 mg/dm?
Absent 37 2,91-4,31 4,12+0,13 97,00
Present 29 2,98-4,66 4,56+0,23 98,50
40 mg/dm?
Absent 33 3,10-4,52 4,25+0,30 98,00
Present 35 3,17-4,90 4,25+0,30 97,80

Simultaneously the water content of soft bodies of the animals increases, their head and foot do
not fit in the shell cavity due to intense adhesiveness and fall out of it (the prolapse reaction). First
singular instances of the latter reaction were observed at 10 mg/dm?® SA in 20 hours after the be-
ginning of experiment, and at the end of experiment it was seen in 100 % of experimental L. stag-
nalis. At the same time, the experimental molluscs develop degenerative and necrotic changes
of cutaneous body surface and lung epithelium. The extreme cases had shown some ulcers and
bleeding. Also, there was noticed one-time sharp massive intestinal emptying, and sometimes the
abortion of underdeveloped egg batches was seen. At the end of exposure, morbidity at 20 mg/
dm? SA was 5.4 % for intact and 13.8 % for infested animals. The latter still responded to me-
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chanical stimulation (with injection of foot by the thin and sharp needle) meaning that they were
able to survive sublethal stage of the pathological process. At 40 mg/dm? of toxicant, 29-hour
exposure was lethal for 46 % of intact and 98 % of infested molluscs. Those few individuals who
survived under the given exposure were in a state of true shock and soon died.

For molluscs it is known [2] that one of the most important characteristics of homeostasis
stability is active reaction of their haemolymph regulated by buffer systems of their organisms.
The haemolymph buffer systems of invertebrates are based on their proteins, primarily the re-
spiratory pigments. In L. stagnalis this role belongs to Hcy which has got markedly high buffer
ability. This protein maintains the somewhat stable acid-base balance in snail haemolymph. In
our experiment, pH was used to characterize the acid-base balance (Table 1). It is determined that
at 2.5, 5, 10 mg/dm’ SA in the environment, the active reaction of the snail’s haemolymph stays
stable, weakly alkaline. It does not reflect the influx of acid products of metabolism into the hae-
mocoel of the animals treated with SA in these concentrations (which exceed MPC in 5-80 times
for anion-active and in 25-400 times for non-ionic SA) caused by the transition of the most affect-
ed animals to the anaerobic respiration under combined influence of toxicant and infestation. At
20 and 40 mg/dm?® SA (exceeding MPC in 20-120 times for anion-active and in 100-200 times
for non-ionic substances) Hey buffer ability was insufficient to maintain the stability of acid-base
balance, and it was acidified slightly. Acidification of the haemolymph was more expressed in the
case of trematode infestation.

Hence, adaptation of L. stagnalis to various concentrations of SA in its environment in
acute experiment is a complex process which combines behavioral, physiological and biochemi-
cal reactions aimed at maintaining stability of homeostasis of the molluscs body under the chang-
ing conditions of their environment.

It is found out that at 2.5, 5, 10, 20, 40 mg/dm? SA in the environment, the stability of hae-
molymph homeostasis of L. stagnalis is disturbed: some changes in total protein content (which
is 90 % respiratory pigment Hcy) and in its specific gravity are noticed. Simultaneously, water
content of the snail body rises and destruction of the respiratory epithelial surfaces occur. High
buffer ability of Hcy ensures the stability of acid-base balance in the snail haemolymph at 2.5, 5,
10 mg/dm® SA, and at 20 and 40 mg/dm? of the detergent it acidifies. Notably, all of the distur-
bances in homeostasis are more expressed in great pond snails infested with trematodes. The level
of pathogenicity of these parasites for L. stagnalis depends both on the intensity of infestation
and on their life cycle stages, decreasing from the “mature” (parent) rediae to “young” (daugter)
rediae to cercariae.

REFERENCES

1. Alekseev V. A. Basic principles of comparative toxicological experiment / Gidrobiol. Zh.
1981. Vol. 7. N 3. P. 92-100.

2. Aliakrinskaya I. O. On the buffer properties of mollusc haemolymph // Zool. Zh. 1972. Vol.
51.N 2. P. 189-186.

3. Beregova O. G., Kryvohacka Yu. O. Methods of clinical investigation of blood (methodical
recomendations). Zaporizhzhia, 2006. 96 p.

4. Dudnik I. V., Evtushenko M. Yu. Hydrotoxicology: principal theoretical thesises and their
application: Kyiv: Ukrphytosociological centre, 2013. 297 p.

5. Ermoshyna T. V. The cilia locomothion activity of glimmeral epithelium Unionidae under
anthropogenic press. Zhytomyr: Zhytomyr State University Press, 2008. 146 p.

6. Evtushenko M. Yu. Ecological physiology and biochemistry of hydrobiontes. Methodical school
appliances for magisters of speciality 8.130301 — water bioresurses. K.: NUBiP, 2015. 118 p.



60

I Kupuuyk, A. CmadHu4eHko, O. Yeaesa
ISSN 0206-5657. BicHuk JbBiBcbkoro yHiBepcutety. Cepis 6ionoriyHa. 2022. Bunyck 87

10.

11.

12.
13.

14.
15.
16.
17.

18.
19.

20.

21.

22.

23.

Filenco O. F., Mikheeva I. V. Fundamental of hydroecology. M.: Kolos, 2007. 142 p.
Ginetsinskaya T. A., Mashanskij V. F., Dobrovolskij A. A. The ultrastructure of the integu-
ments and the feeding peculiarities of rediae and sporocysts (Trematoda) // Dopovidi Na-
tsional’noyi Akademiyi Nauk Ukrayiny. 1966. Vol. 166. N 4. P. 249-250.

Guseva T. V., Molchanova Ya. P, Vinnichenko V. N., Averochkin E. M. Hydrochemical indi-
cators of the state of the environment. M.: Ekolajn, 2000. 127 p.

Hlebovich V. V. Acclimation of animal organisms. Leningrad: Nauka, 1981. 136 p.
Hochacka P, Somero D. Biohimicheskaya adaptaciya [Biochemical adaptation]. M.: Mir,
1988. 568 p.

Hubskyi Yu. I. Biological chemistry. Kyiv; Ternopil: Ukrmedkniga, 2000. 307 p.
Malyarevskaya A. Ya. Biochemical mechanisms of adaptation of hydrobionts to toxic sub-
stances // Gidrobiol. Zh. 1985. Vol. 21. N 3. P. 70-82.

Malyarevskaya A. Ya., Karasina F. M. Effect of several surface-active substances on hydro-
bionts // Gidrobiol. Zh. 1983. Vol. 19. N 5. P. 84-90.

Mezzerin S. V. Animal resources of Ukraine in the light of the theory of sustainable develop-
ment. K.: Logos, 2008. 281 p.

Mussel watch program // Memorandum NOS NCCOS, 2008. 105 p.

Odum Yu. Ecology. M.: Mir, 1986. Vol. 1. 328 p.

Romanenko V. D. Fundamental of Hydroecology. Kyiv: Oberegy, 2001. 711 p.
Stadnychenko A. P, Ivanenko L. D., Vitkovskaya O. V., Kalinina N. N. The effect of trematode
infestation on haemocyanin content in the pond snail (Gastropoda, Pulmonata, Lymnaeidae)
haemolymph // Parasitologiya.1999. Vol. 33. N 2. P. 125-128.

Stadnychenko A. P. The effect of surface-active substances and trematode infection on the
nutrition and digestion of Planorbarius corneus (Mollusca, Pulmonata, Bulinidae) // Visn.
DAU. 2005. Vol. 2. N 15. P. 120-125.

The permissible limit evidence of the water quality for the fish-breeding reservoirs. The gen-
eral enumeration of the GDK and RSLE of harmful substances for the fish-breeding reser-
voirs: Nel12-04-11 active from 09.09.1990. Kyiv, Ministry of the fish-breeding of USSR,
1990. 45 p.

Zdun V. 1. Trematode Larvae in Freshwater Molluscs of Ukraine. Kyiv: Vyd. AN URSR,
1961. 143 p.

Zimny H. The ecological appraiscement of the ecological environment. Warsaw:
A. Grzegorczyk Publishing House, 2006. P. 37—41.

Cmamms naodiiuna 00 pedakyii 24.08.21
doonpayvosara 09.12.21
nputinsma 0o opyky 16.02.22



- Kupuuyk, A. CmadHuyeHko, O. Yeaesa
ISSN 0206-5657. BicHuk JlbBiBcbkoro yHiBepcuteTy. Cepis 6ionoriyHa. 2022. Bunyck 87 61
CYMICHMM BIIVIMB TOKCUKAHTIB I TEJIBMIHTIB HA CTABLJIBHICThH
TOMEOCTA3Y CTABKOBUKA BEJIUKOI'O (LYMNAEA STAGNALIS L.)

I'. Kupuuyk!, A. Ctagunuenko’, O. YBaepa®

DKumomupcoruil depacasnuii ynieepcumem imeni leana Opanxa
eyn. Benuka bepouuiecvka, 40, Kumomup 10002, Yxpaina
Hepoicagnuii ynisepcumem «Kumomupcoka norimexmikay

eyn. Yyouiscoka, 103, Kumomup 10005, Vkpaina
e-mail: bio-2016@ukr.net

VY CBOTOIECHHS aHTPONOTEHHHMH TMPEeCHHr Ha Tifpocdepy CIPHYNHHUBCS IO
IIPOrPECyIOYOro 3pOCTAaHHS 3a0pyJHEHHS il Pi3HMMH KOMIIOHEHTaMH SIK IIPOMHCIIOBUX,
Tak 1 MoOyTOBO-TOCHOAAPCHKHUX CTOKiB. Cepell HUX OJHHMH 3 HaiHEOe3MeuHImuX IS
rigpoOioHTIB € moBepXHeBO-aKTHBHI pedoBMHU (IIAP) — KOMIOHEHTH CHHTETHYHHX
MHIOYHX 3aC00iB.

JlocipkeHO BIUIMB PI3HUX KOHIEHTpAIiH AeTepreHTa «YImacTelil HIHB» (2,5, 5,
10, 20, 40 mr/nm*) BupoOHHLTBA BIHHHUIATOOYTXIM Ha HU3KY (i3MKO-XiMiYHHX MTOKa3HHKIB
CTabUIBHOCTI TOMeOoCcTa3y reMoliM(u — BHY TPIIIHBOT0 cepenoBuina Lymnaea stagnalis (Lin-
naeus, 1758) iHTaKTHUX ¥ IHBa30BaHUX PI3HUMH CTaMiSIMH )KUTTEBOTO IUKITY (MaTEPHUHCHKI
Ta JIOUipHi peii, epkapii) Tpematonu Echinoparyphium aconiatum Dietz, 1909. Marepiai:
315 ex3. MOJIOCKIB, 3i0paHKX BPydYHY y BOJOHMaX OCYNIyBaJIbHO-MEJIiOPaTHBHOI CHCTEMH
y OaceitHi p. Tetepis (mpaBobepexHoro gommuBy Cepennporo /ninpa) Ha [leHTpansHOMY
Momicci (xyTip 3aTummrs JKuroMupcskoi 06i1.). MeToanka MOCTaHOBKH TOKCHKOJIOTIHHOTO
eKCIIePHMEHTY CTaHmapTHa — 3a (Anexcees, 1981). Momy nepenypama 06OB’sI3K0Ba
(XneboBuu, 1981) 15-mobOoBa akmimariiss MpU3HAYCHHUX JJISI TOKCHKOJOTIYHOTO JOCIIITY
TBapHH JI0 YMOB aKBapiyMHOT'O YTPHMaHHs: 00’eM akBapiyMiB — 20 J1, IIiIBHICTH TTOCAAKA
MOJIOCKIB — 3—4 ek3./11, Temmeparypa Boau — 20-22 °C, BogHeBuHit nokasuuk (pH) — 7,9-8.4,
okcurenizanis — 8,1-8,5 mr O, /am’.

[TepeGyBaHHS MOJIIOCKIB Y TOKCHYHHX CEPEIOBHINAX CYIPOBOKYBAIOCH PO3BUTKOM
Yy HHX IIaTOJIOTIYHOTO IIpolecy — OoTpyeHHs. HaiiBupasHimmMu cumnromamu ioro Oynm
KiJBKICHI 3pYIIEHHS 3HAa4eHb (i3MKO-XIMIYHHX ITOKAa3HUKIB TeMOJIM(H IiJIOCIiTHIX
0COOMH, KOTpi IIEBHOIO MipOI0 3a0€3MeuyIoTh CTa0lIbHICTE TOMeOocTa3y IXHbOT reMotimMdn.
Jlo HUX HaJleXaTh BMICT y Hilf 3arajpHOro OiyKa, I MUTOMa Maca i 3Ha4YeHHsS BOJHEBOTO
nokazauka pH. Y mux monrockiB 65m3bko 90 % 3aranpHOro 6iika reMoxiM(u npeicTaBIeHo
TeMOIliaHiHOM, III0 BH3HAYA€ 3aBJSIKH MOTYXXHUM Horo OydepHHM BIACTHBOCTSIM piBEHb
KHCHEBOI €EMHOCTI i BOJTHO-OCMOTHYHOTO THCKY B IX OpraHi3Mi.

[Maronoriunmii mporec, SKUH PO3BUBAETHCS BHACIIOK KOMIUIEKCHOTO BIUIHBY
TOKCHKAHTA i TeJIbMIHTHO] iHBa3il y L. stagnalis, IpOSIBISIETHCS THM BHPA3HIIIE 1 CTPIMKIIIe,
YUM BHIIUMH € KOHIIEHTpAIlisl TOKCHKAHTa, IHTEHCHUBHICTh TeJIbMIHTHOI iHBa3il Ta piBeHb
BUTPHUBAJIOCT] IMOAO 3raJjaHMX BUIIE ITATOTCHHUX YHHHUKIB PI3HUX CTaIiil JKUTTEBOTO
UKy Tpemarox. [lopymieHHSM 3HaueHb 3TaJlaHAX BHINE IOKA3HHKIB CTaOUIBHOCTI
TOMeOCTa3y MiIOCITIHI TBAPUHHA NIPOTUCTABISIIOTH CYKYITHICTh IPUTAMaHHHX IM 3aXHCHO-
MIPUCTOCYBAIBHAX PEaKIii — IIBUJIKUX MOBEIIHKOBHX, (i3i0NOTiyHMX 1 Ol0XIMIYHUX,
CIPsIMOBAaHMX Ha MiTPUMAaHHS )KUTTECIPOMOKHOCTI OCOOHUH.

EdexTuBHICTS TakMX 3yCHIb y IHBa30BaHHX TPEMAaTOIAaMH MOJIIOCKIB BHSBHIIACS
3HAQYHO HIDKYOIO MOPIBHSAHO 3 BUIBHMMH Bin iHBa3ii ocoOmHamu. CTyHiHB CyKyITHOI
YIIKOIDKYIOUoi il TOKCHKaHTa I MapasuTiB 3yMOBIIOBABCS HE TLTBKH KOHIIEHTPAIIEIO
ITAP, axe i 3Ha4YHOIO MipOIO IHTEHCHUBHICTIO 1HBA311 1 CTA/II€I0 )KUTTEBOTO IUKITY Mapa3uTa.
[Marorennnii eekT ocTaHHIX MO0 TXHIX Xa3sAIB-MOJIIOCKIB 3MEHINYBaBCs y psiay “crapi”
(MaTepuHCBKI) peaii > “monoxi” (mouipHi) penil > mepkapii.

Knrouoei cnosa: Lymnaea, Trematoda, [TIAP, romeocras
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