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One of the important and urgent tasks, whose successful solution depends on the supply of
food to the population, is to increase the production of livestock products. Ensuring a high level of
production of livestock products largely depends on the quality of feed, which is determined, first of
all, by toxicological control.

C-phycocyanin is a protein complex that belongs to phycobiliproteins and can be used as one
of the potential natural components to improve the feeding of commercial fish.

In order to establish the safety of the use of active feed components for feeding and ready-
made feed into which these components are introduced, first of all, it is necessary to study their effect
on the organisms of protozoa and fish, which are used for laboratory research.

The high sensitivity of ciliates to the appearance of toxic substances in their environment and
changes in their concentration led to the use of these organisms for testing the most diverse chemical
elements and compounds.

The article presents the results of studying the effect (harmlessness) of C-phycocyanin on the
bodies of protozoa (Paramecium caudatum) and guppy fish.

When studying the effect of C-phycocyanin on the body of protozoa (Paramecium caudatum),
it was established that its use for 48 hours in doses of 5, 10, 25, 50, and 100 mg/l did not cause the
death of ciliates. When studying the effect of C-phycocyanin on the body of guppy fish, it was
established that its use in doses of 5, 10, 25, 50, and 100 mg/I did not cause the death of fish.

S0, on the basis of the conducted research, it was established that C-phycocyanin belongs to
class 4, and is a non-toxic substance for Paramecium caudatum ciliates. In addition, it was
established that its use in the above doses did not cause the death of fish, and its LCsg is higher than
100 mg/l.
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OmHuM 3 BaXJIMBUX 1 HEBIIKJIQJHHUX 3aBJIaHb, BiJl YCIIIHOTO BUPIMICHHS SKUX 3QJICKUTH
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MOCTA4YaHHS HACEJIEHHIO NPOAYKTIB XapuyyBaHHS, € 30UIbIIEHHS BHPOOHHUIITBA MPOAYKTIB
TBAapUHHUITBA. 3a0e3MeUeHHs BUCOKOTO PiBHS BHPOOHUIITBA MPOIYKIil TBAPUHHHITBA 3HAYHOIO
MipOIO 3AJIEXKHTD BiJl AKOCTI KOPMIB, sSIKa BU3HAYAETHCS, TIEPII 32 BCE, TOKCUKOJIOTTYUHUM KOHTPOJIEM.

C-(dikorianiH € TPOTETHOBUM KOMILIEKCOM, SIKUHM HAJICKUTH J0 (PiKOOLTIIPOTEiHIB 1 MOXKE
3aCTOCOBYBAaTHCh SIK OJUH 13 MOTEHIIMHUX MPUPOAHUX KOMIIOHEHTIB ISl MOKPALICHHS TOMIBII
IPOMUCIIOBHX PHO.

3 METOO0 BCTAHOBJICHHS O€3MEYHOCTI BUKOPUCTAHHS [ TOIIBII JIFOYUX KOMIIOHEHTIB KOPMY
1 TOTOBOT'O KOPMY, /10 CKJIaJly SIKOTO BBOJSITHCS 11l KOMIIOHEHTH, B IIEPIIY Yepry, He0OXiTHO BUBYHTH
X BIJIMB Ha OPTraHi3M HAUMPOCTIHUX 1 pHO, IKi BUKOPUCTOBYIOTHCS JJIs Ta00PAaTOPHUX JJOCIIIKEHb.

Bucoka ayTnuBicTh 1H(Y30piii 10 MOSBH B OTOYYIOUYOMY ii CEpEOBUIII TOKCHYHUX PEUYOBUH
Ta 3MiHa IXHBOI KOHIEHTpAlii 3yMOBWJIA BHKOPHUCTAHHS LUX OPraHi3MiB JUIsl TECTyBaHHS
HaWpI3HOMAHITHIIIMX, 32 XIMIYHOIO ITPUPOJIOI0, CIIEMEHTIB Ta CIIOJYK.

VY craTTi HaBeieHI pe3yNbTaTH BHUBYEHHSA BIUIMBY (HemKiumBicTh) C-dikomiaHiHy Ha
oprasi3m Hainpocrinmx (Paramecium caudatum) i pu6 rymi.

[Tpu BuBueHHi BBy C-(ikorianiHy Ha opraHi3M Hainpocrimmx (Paramecium caudatum)
OyJI0 BCTaHOBJICHO, 110 KOT0 3aCTOCYBaHHA YIPOAOBX 48 rox y noszax 5, 10, 25, 50 ta 100 mr/a He
BHUKJIMKAJIO 3aru0erni iHdy30piid.

ITpu BuBueHHi BMBY C-¢ikoliaHiHy Ha opradizM pu0 rymi OyJ0 BCTaHOBJIEHO, 110 HOTO
3acTOCYBaHHA y mo3ax 5, 10, 25, 50 Ta 100 mMr/i He BUKJIMKAIO 1X 3aruoeli.

OTxe, Ha OCHOBI MPOBEACHUX TOCIIHPKEHb OYJI0 BCTAaHOBIEHO, 110 C-(iKolliaHiH HAEKHUTh
10 4 kiacy, ToOTO € He TOKCHYHOK PeUOBHHOIO st iH(Yy30piit Paramecium caudatum. Kpim Toro,
OyJI0 BCTAaHOBIICHO, 1[0 HOTO 3aCTOCYBaHHS Yy BHIIE BKa3aHMX J103aX HE BUKJIMKAJO 3arudeni puo, a
#ioro JIKso € Bumoro, mixk 100 mr/m.

Kmouosi ciopa: TOKCUYHICTb, T'OCTPA TOKCHUYHICTh JIKso, IH®Y3OPII
PARAMECIUM CAUDATUM, C-®IKOLIAHIH, I'VIIL

One of the important and urgent tasks, whose successful solution depends on the supply of
food to the population, is to increase the production of livestock products.

Ensuring a high level of livestock production largely depends on the quality of feed, which is
determined, first of all, by toxicological control.

C-phycocyanin is a protein complex that belongs to phycobiliproteins and can be used as one
of the potential natural components to improve the feeding of commercial fish.

In order to establish the safety of the use of active feed components for feeding and ready-
made feed into which these components are introduced, first of all, it is necessary to study their effect
on the organisms of the simplest and fish, which are used for laboratory research.

The high sensitivity of infusorium to the appearance of toxic substances in their environment
and the change in their concentration led to the use of these organisms for testing the most diverse
chemical elements and compounds.

As for biotesting, infusorium has a number of advantages. Compared to other test systems.

In the morphological aspect, it is a cell, and in the physiological aspect, it is a whole organism
that has a large specific surface area of contact with the surrounding environment. Due to the rapidity
of life and high reproductive capacity, these test objects make it possible to trace the effects of
toxicants on many generations in a relatively short period of time. As a result of the low ability to
regulate the internal concentration in the target's body, a large number of compounds accumulate. As
aresult, the process of disordering the normal functioning of body systems is accelerated, which often
leads to their deaths. Thus, these advantages characterize infusoriums as a test object that is highly
sensitive to the influence of external compounds.

Tetrahymena pyriformis and Paramecium caudatum are the most popular in biological testing.
this is due to the wide distribution of these infusoriums in nature and the ease of their cultivation.

In most cases, the toxic effect on free-living infusoriums is recorded by the following test
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reactions:

- change in body shape;

- death of infusoriums in an acute experiment;

- inhibition and stimulation of the rate of division in acute and chronic experiments;

- pathological violations of the division process;

- increase and decrease in the number of conjugative pairs;

- suppression and strengthening of the phagocytosis process;

- paralysis of the contractile vacuole;

- loss of orientation in space and change in movement.

Most scientists studied the survival of infusoriums under the influence of external factors in
an acute experiment for 10 minutes, 1, 5, 24, 48, 72, 96 and 120 hours, and a chronic experiment for
7,10, 14, 15, 25, 28 and 30 days.

Guppy is a small fish from the Pecilia family. The average size of a male's body is 3 cm, and
a female's is 6 cm. The scales have the appearance of a rhombic grid, which is why the fish received
the species epithet from the Latin "reticulum™ - net. Fish are characterized by pronounced sexual
dimorphism.

Females are much larger and thicker than males, do not have strongly developed veil fins, and
are much more modestly colored: mainly the body and tail are gray, sometimes the caudal fin is
colored or spotted. The most important distinguishing feature of males is the presence of a modified
anal fin, which is called a gonopodium. Thanks to it, males are able to place sexual products directly
into the female's abdominal cavity, where fertilization takes place.

The purpose of the work is to study the effect (harmlessness) of C-phycocyanin on the bodies
of the simpliest (infusoria Paramecium caudatum) and guppy fish.

C-phycocyanin obtained from the biomass of Cladophora sp. was used in the experiments.

Test objects were used to establish the toxicity class of veterinary drugs:

— infusoria Paramecium caudatum;

— guppy fish.

Materials and methods.

Study of C-phycocyanin toxicity on infusoria Paramecium caudatum

Experiments were conducted to study the toxicity of C-phycocyanin on infusorias according
to the methodology (Kosenko et al., 1997; Kotsiumbas et al., 1999, Kotsiumbas et al., 2006).

Equipment, materials, reagents
Binocular stereoscopic microscope, MBC;
pH meter EB-74;
electric thermostat TC-80M-2;

KVS drying cabinet-100/250;

general purpose laboratory scales of the 4th accuracy class;
laboratory grinder MPR-2;

Bogorov cameras;

laboratory glasses;

glass tubes with a capacity of 25 ml,;

pipettes with a capacity of 10 ml; Pasteur pipettes;
microscope slides;

slides with a recess;

coverslips;

Petri dishes;

Antibiotic bottles;

filter paper;

fresh pressed yeast according to TU U 00383320.001-97;
tripod for test tubes;

NN N N N N N N N NN
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v’ acetone according to TU 6-09-3513-86;

v" dechlorinated tap water;

v test cultures of the infusoria Paramecium caudatum.

Study of the toxicity of C-phycocyanin on guppy fish

According to the OECD Ne 203 "Fish. Acute toxicity testing" (OECD, 2019) feed research
was conducted using guppy fish. The essence of the method is the poisoning and death of guppy fish
with toxins that enter through the gills directly into the blood, bypassing the protective mechanisms
of the digestive system.

The principle of the test is that the fish are exposed to the test substance for 96 hours under
any static, semi-static, or flow-through conditions. At the same time, at the time of death of fish,
visible deviations related to appearance and behavior are recorded. If possible, determine the
concentration that causes the death of 50 % of fish (LCso).

Equipment

The following laboratory equipment was used for the analysis:

1. pH meter;

2. appropriate temperature control devices (thermometers);

3. reagents for water quality control Tetra Pond Test Set;

4. equipment for maintaining water temperature and oxygen content (heaters,

COMPressors).

Holding of fish

All fish should be held in the laboratory for at least 9 days before being used in the study. The
first 48 hours were the settling-in period. Then, fish should be acclimatized for at least 7 days (48
hours of housing + 7 days of acclimatization = 9 days) in water similar to the test water immediately
before the start of the test.

During the acclimatization period, deaths were recorded, and the following criteria were
applied:

- the death of less than 5% of the population in seven days: the batch was accepted.

Fish were kept under the following conditions:

v" photoperiod: day/night - 16/8 hours;

v’ temperature: 23-25 °C

v/ 0Xxygen concentration: at least 60 % of the air saturation value.

v’ feeding: daily up to 24 hours before the start of the application of the researched
product. Feed was given until saturation. Excess food and feces were removed to avoid waste
accumulation.

Dechlorinated tap water was used in the experiments, in which guppy fish were mobile,
consumed food well, and actively responded to external stimuli.

Tested solutions were prepared by simply mixing the substance under study with water. The
drug was studied in doses of 100 mg/l, 50 mg/l, 25 mg/l, 10 mg/l and 5 mg/l. These doses were
selected according to OECD Ne 203 (OECD, 2019).

10 fish were used in each experimental and control group. The fish were distributed randomly.

The study was conducted in 2 repetitions.

Result and discussion.

Study of C-phycocyanin toxicity on infusoria Paramecium caudatum

To obtain the tested concentrations of the drug:

1) mixed 9 ml of infusoria culture and 1 ml of C-phycocyanin solution, the concentration of
which was 100 mgin 11;

2) mixed 9 ml of infusoria culture and 1 ml of C-phycocyanin solution, the concentration of
whichwas 50 mgin 1 1;

3) mixed 9 ml of infusoria culture and 1 ml of C-phycocyanin solution, the concentration of
whichwas 25 mgin 1 1;
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4) mixed 9 ml of infusoria culture and 1 ml of C-phycocyanin solution, the concentration of
which was 10 mgin 1 ;

5) mixed 9 ml of infusoria culture and 1 ml of C-phycocyanin solution, the concentration of
whichwas 5mgin11.

The complete cessation of movement (locomotor function) and deformation of the body
served as indicators of the loss of vital activity in the paramecium. Each experiment was carried out
in 5-fold repetition, the total number of infusorias - at least 100—150 specimens.

To observe the development of acute intoxication, 0.1-0.4 ml of the prepared mixture of
culture and solution was introduced into the recess of the glass slide, covered with a cover glass, and
changes in movement, body shape, destruction of the shell, dispersion of cytoplasm, and death of
infusorias were monitored under a microscope. All manipulations were carried out using a
micropipette.

To conduct acute experiments, cultures in the stationary phase of growth were used, in which
individuals with large body sizes prevailed.

With the help of a microscope (magnification 6x4), the total number of infusoria before the
start and the number alive after 48 hours of the experiment were recorded.

Toxicity was assessed according to the criteria given in the table 1.

Table 1
Assessment of the degree of toxicity of the studied drug using infusorias based on LC1oo
after 48 hours of the experiment
LCioo Toxicity class
concentration of 0.001 % and higher 1
concentration of 0.1 % and higher 2
concentration of 1 % and above 3
there is no complete death at any concentration 4
Note: LCaqo - is a lethal concentration of 100 %.
The results of the conducted research are shown in table 2.
Table 2

Assessment of the degree of toxicity of C-phycocyanin for 48 hours of the experiment

Ne Number of infusorias Drug dose, mg/I Survived infusoria, % Toxicity class
1 100-150 5 98,7+3,6 4
2 100-150 10 97,6+6,1 4
3 100-150 25 95,74+4,8 4
4 100-150 50 92,4+5,6 4
5 100-150 100 91,1+4,3 4

In the conducted studies, no complete death of infusorias was established in any of the studied
concentrations 48 hours after the start of the experiment.

It was established that C-phycocyanin belongs to class 4, i.e. it is a non-toxic substance for
infusoria Paramecium caudatum Ehrenberg.

Study of the toxicity of C-phycocyanin on guppy fish

Guppies are best kept in small groups of 6 or more. They swim at the entire depth of the
aquarium. Fish must be selected so that there are 2-3 females per male - in this case, females will be
less susceptible to attacks by males ready to spawn. For a fish of 6-10 pieces, you will need an
aquarium with a volume of 50 liters or more. It is advisable to use bright lighting: with it, the guppies
look better, acquire a richer color. It is better to cover the aquarium with a lid, because the fish can
quite easily jump out of the water and get on the floor.

The guppy feels good in clean, oxygenated water. The main thing is that the stream from the
filter is not very strong: it is difficult for small fish to resist a strong stream. The optimal temperature
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for keeping this tropical fish is 24-26 °C, although guppies can exist in the range of 18-30 °C. Its life
depends greatly on the temperature. The higher this indicator is, the faster the metabolism, the more
frequent reproduction, and the shorter the life. If the fish is at its lower limit of temperature, then its
metabolism slows down, reproductive function stops.

Water with a hardness of 10-25 °dGH and an acidity of 7-8.5 is suitable for keeping guppies.
However, water parameters are not an axiom. If the changes were not too sharp, guppies could adapt
to almost any condition in a short time without any problems. To maintain good health, weekly water
changes in the aquarium (25-30 %) are necessary.

Preparation for the test

During the first 24 hours of the study, fish were observed every 3 hours. On days 2—4 of the
test, all containers of live fish were inspected twice daily (early morning and late afternoon to best
cover a 24-hour period). Visible abnormalities in balance (loss of balance, raising or lowering of head,
floating or sinking), appearance (weak or dark pigmentation, exophthalmia), ventilatory behavior
(hyper, hypo, or irregular ventilation, coughing), and swimming behavior (increased or hypo-activity,
immobility, convulsions, near the surface or bottom).

The results of the research conducted are shown in table 3.
Table 3

Assessment of the degree of toxicity of C-phycocyanin for 96 hours of the experiment

Ne | The number of guppy Drug dose, Survived guppy fish, | Died guppy fish, Died guppy fish,
fish, individuals mg/l individuals individuals %

1 10 5 10 0 0

2 10 10 10 0 0

3 10 25 10 0 0

4 10 50 10 0 0

5 10 100 10 0 0

6 10 Control 10 0 0

In the conducted studies, no deaths of guppy fish were found in any of the studied
concentrations 96 hours after the start of the experiment. Guppy fish were mobile, consumed food
well, and actively responded to external stimuli. Their behavior did not differ from the behavior of
fish of the control group.

So, on the basis of the conducted research, it was established that C-phycocyanin belongs to
class 4, and is a non-toxic substance for Paramecium caudatum ciliates. In addition, it was established
that its use in the above doses did not cause the death of fish, and its LCsg is higher than 100 mg/I.

CONCLUSIONS

1. As a result of the conducted research, it was established that C-phycocyanin belongs to
class 4, and is a non-toxic substance for Paramecium caudatum ciliates.

2. C-phycocyanin is a non-toxic substance for guppy fish. The LCso of C-phycocyanin is
higher than 100 mg/I.

Prospects for research. Studies of composition of Cladophora sp. biomass toxicity in Guppy
fish and infusoria Paramecium caudatum.
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