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The red blood cells cytometric characteristics of young fresh-water fish of

various families
T.S. Sharamok, N.B. Yesipova, V.O. Kurchenko

The morphometric indices of red blood cells of young fish of various species inhabiting coastal zones of the water
bodies were studied. The subjects of the research were the fish of four families: Carp (Alburnus alburnus, Carassius
gibelio, Rhodeus amarus, Abramis brama, Rutilus rutilus), Needles (Syngnathus abaster nigro lineatus), Centrarchidae
(Lepomis gibbosus), Loaches (Cobitis taenia taenia), Gobies (Neogobius fluviatilis). The hydroecological conditions
were characterized by an intense oxygen regime, high content of phosphates, and heavy metals (zinc). The fish
peripheral blood was taken from the tail vein; smears were made according to the classical Romanowsky-Giemsa
method. Our research showed that the red blood cells of young fish belonging to the ecological group of inactive and
unpretentious species (Neogobius fluviatilis, Carassius gibelio) had the largest cross-sectional area and a high index
of nuclear-cytoplasmic ratio. The indicators of erythrocyte eccentricity were the highest in the active fish with high
energy costs (Alburnus alburnus, Lepomis gibbosus). The largest number of erythrocytes with pathological events
(cytolysis, karyolysis, pyknosis, poikilocytosis) was observed in the young Alburnus alburnus (14%), and the smallest
one in Rhodeus amarus and Lepomis gibbosus (2—4%). In the individuals of Syngnathus abaster nigro lineatus affected
by parasitic nematodes of the genus Ascaris, the number of erythrocytes with pathologies increased to 81%. Under the
toxic load, destabilization of the fish circulatory system begins with the appearance of the young forms of erythrocytes
as compensation for depleted mature erythrocytes and ends with the mass destruction of mature erythrocytes. Given
these patterns, as well as the relatively low number of young ballast forms of erythrocytes and mature erythrocytes with
pathological features, we can assume that the state of the red blood cells in the studied young fishes meets the
conditional norm, with the exception of the blood of Syngnathus abaster nigro lineatus infected with parasites. In our
opinion, the main characteristics of the fish red blood that reflect the fishes’ adaptive capacities are as follows:
eccentricity ratio of erythrocytes, the nuclear-cytoplasmic ratio, ratio of the young ballast forms of erythrocytes, and the
relative number of erythrocytes with pathology.
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Introduction

In modern aquatic ecosystems, significant changes occur under the impact of natural (climate
change) and human (economic activity) factors. As a result, the structure of populations and the
physiological status of fish are changing (Gamito et al., 2015; Zeng et al., 2017; Nastase, Ofel, 2017;
Fedonenko et al., 2018). The younger age groups of fish are hypersensitive to environmental changes;
firstly, they have not formed the mechanism of physiological adaptation yet, and secondly, most of the
young fish live in the reservoirs’ coastal zones, where the influence of external factors is the strongest.
Therefore, the studies on young fish’s adaptogenic potential are very important for forecasting the further
development of industrial fish populations and assessing their strategic stocks, as well as for the
environmental introductions and the artificial formation of ichthyofauna in inland water bodies.

The self-regulating blood system plays a major role in adapting to changing conditions. Blood, as an
internal part of an organism, responds quickly to environmental changes and always reflects accurately the
physiological state of an organism. Therefore, in the ecological monitoring system, hematological indicators
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are often used as a benchmark for the adaptive capacity of fish to anthropogenic impact (Ahmed et al.,
2020; Fazio, 2019; Fazio et al., 2020; Yilmaz, 2015; Belokon et al., 2013; Fedonenko et al., 2019).

When analyzing formed blood elements, special attention is paid to the cells of the erythroid series.
Many authors indicate the expediency of using erythrocytes as indicators of hypoxic conditions. Thus,
during the research of Neogobius melanostomus (Pallas, 1814) adult specimens’ blood that was kept for
10 days under experimental hypoxia conditions (1.7—1.8 mg Oz / |), a probable increase in the volume of
the mature erythrocyte was detected as a result of their swelling, the ellipsoidal form of the erythrocytes
changed to a circular, and there was a nearly two-fold increase in the number of the immature erythroid
cells (Parfenova, Soldatov, 2011). After six-hour experimental hypoxia (2 mg Oz / 1), the number of red
blood cells with chromatolysis, karyolysis, and poikilocytosis in the three-year-old pikes and breams
increased significantly. In the silver carp, 1.8 times increased the number of erythrocytes with amitosis
(Moroz, Yesipova, 2011).

In recent years, more and more researchers have been using the parameters of erythrocytes to
assess the status of fish populations living in areas with anthropogenic pollution. Thus, 22 erythrocyte
pathologies were detected in the adult roach, bream, perch, and gobies from the Saratov Reservoir (Russia)
under conditions of the high content of phenols, petroleum products, copper, and sulphates in the water.
The most widespread was the deformation of the cell and nucleus, carriolysis, chromatolysis, agentric
location of the nucleus, and amitozes (Mineev, 2013). In the roach from the Zaporizhzhia Reservoir
(Ukraine), inhabiting areas with heavy metal and organic contamination, there were detected a decrease in
the relative proportion of mature erythrocytes and an increase in young blast forms of erythrocytes, changes
in the shape of erythrocyte nuclei, anisocytosis, hypochromia, cytolysis, cell membrane destruction,
karyolysis and karyopyknosis (Sharamok et al., 2016).

Despite the popularity of ichthyological research on formed blood elements, information on the red
blood cell cytometric indices is limited. In particular, in the early stages of ontogenesis. A small number of
researches in this direction suggest that the morphological features of erythrocytes and their functional
properties in young fish have certain differences from that in adult fish. Thus, comparing the morphology of
fingerlings and adult erythrocytes of roach and crucian carp, it was found that with age in fish, the ratio of
the nucleus area to the erythrocytes’ area is likely to decrease, and the number of mature forms of
erythrocytes increases by almost 20% (Fedonenko et al., 2016). It is known that mature erythrocytes of
fish, compared to young cells, have a higher concentration of hemoglobin protein, the main carrier of the
blood respiratory function (Soldatov, 2005). Therefore, the determination of the ratio of various forms of
erythrocytes could indirectly characterize the hematopoietic function of the blood activity. It was also
established that in conditions of environmental pollution, the number of erythrocytes with various
pathologies (vacuolation of the cytoplasm, nucleus hemolysis, carioerexis, amitosis) in the young bream
Abramis brama (L., 1758) reaches 44.4% of the total number of red blood cells in an organism (Konkova,
Fedorova, 2016). Thus, the existing data prove the expediency of using erythropoiesis indicators in young
fish to assess the impact of the aquatic environment on ichthyofauna and to understand the mechanism of
fish adaptation to changing hydroecological conditions.

Our research aimed to study the cytomorphological indices of young fish red blood cells from the
Zaporizhzhian reservoir coastal populations.

Materials and methods

The selection of fish for hematological research was carried out in the summer of 2016-2017 in the
coastal zone of the central part of the Zaporizhzhia (Dnipro) Reservoir (Figure 1). The water reservoir was
created on the Dnipro River in 1932; it has an area of 420 km?. It is located in the southeast of Ukraine, in
the territory of agrarian-industrial zones under heavy anthropogenic influence.

The young fish were taken in a small 10 m long frying net. The young fish were divided by species
and counted. Nine fish species of different families were researched. The carp family was represented by
four species: Alburnus alburnus (Linnaeus, 1758), Carassius gibelio (Bloch, 1782), Rhodeus amarus
(Bloch, 1782), Abramis brama (Linnaeus, 1758), Rutilus rutilus (Linnaeus, 1758); Family of Needles — a
Syngnathus abaster nigro lineatus (Eichwald, 1831); Family Centrarchidae (Sunfish) — Lepomis gibbosus
(Linnaeus, 1758); Family Cobitidae (Loaches) — Cobitis taenia taenia (Linnaeus, 1758); Family Gobiidae
(Gobies) — Neogobius fluviatilis (Pallas,1814). All experimental fish, except the Syngnathus abaster nigro
lineatus, were the fingerlilngs (0+); Syngnathus abaster nigro lineatus were represented by two-year-olds
(1+).
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Blood from the fish was taken from the tail vein. The smears were made using the generally accepted
method and stained by the Romanowsky-Giemsa method. The smears were studied with a 40% objective
using a microscope with the Sciencelab T500 5.17 M digital camera. Atlases of blood cells were used to
identify cells of the erythroid population (lvanova, 1983; Sharon, Zilberg, 2012). The preparations were
looked at 100 fields of vision. The following parameters were determined: large longitudinal (D) and small
transverse (d) diameters of mature erythrocytes, the ratio of small and large erythrocytes diameters (d / D),
erythrocyte separation area (S), area of erythrocyte nucleus (s), nuclear-cytoplasmic ratio (s / S), the ratio
of mature and young forms of erythrocytes. The eccentricity coefficient (E), which characterizes the degree
of the cell deviation from the round shape, was determined as the square root of the square difference (1 —
d / D?). Measurements of cytometric erythrocytes indices were performed using the Science Lab View 7

program.
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Fig. 1. Study area on the scheme of the Zaporizhzhia Reservoir

The data were analyzed as Mean £ S.E.M. at reliability of 95% and significant level of P < 0.05. To
test the significance of the test, the t-test method was used.

Ethical Statements

Bioethical standards were not violated during the research. It was performed under the Regulations
on the Ethics Committee (Bioethics) in Ukraine (Regulations on the Ethics Committee (Bioethics), 2019).

Results

The central part of the Zaporizhzhia reservoir, where the selection of fish was carried out, is
characterized by weak flow and a large shallow water area. The coastal populations of young fish are
concentrated. The hydroecological regime of the area is affected by the household and domestic water of
Dnipro city and agrarian enterprises.

According to long-term monitoring, the average annual mineralization of water in the site is 334 mg
/1, hardness — 3.2 mg equ / I, pH 7.5-8.6. The content of ammoniacal nitrogen in water during the
experimental period varied from 0.22 to 0.97 mg / dm? at different points (average 0.54 mg / dm? in the
reservoir); nitrites — from 0.01 to 0.14 mg / dm?® (0.019 mg / dm?), nitrates — 0.11-2.8 mg / dm? (0.47 mg /
dm?), phosphates — from 0.25 to 0.62 mg / dm? (0.39 mg / dm?®). The content of dissolved oxygen in summer
varies between 2,2-6,8 mg Oz / dm?® (Fedonenko et al., 2018).

The most of the Zaporizhzhia reservoir toxicants are heavy metals. The content of toxic metals in the
water of the reservoir's central part corresponded to the existing Ukrainian norms for the water of fish-water
reservoirs. There was a high concentration of zinc, which was 2.7 MPCs (0.027 £ 0.007 mg / I) and
copper — 12 MPCs (0.012 £ 0.006 mg / I). Persistent contamination with copper may be a result of sewage
emissions from enterprises of the chemical, metallurgical industry, mine waters, and aldehyde reagents

BicHuk XapkiBcbKoro HaujioHanbHoOro yHisepcuteTy iMeHi B. H. KapasiHa

The Journal of V. N. Karazin Kharkiv National University ISSN 2075-5457 (print), ISSN 2220-9697 (online)



T.C. LWapamok, H.5. Ecinosa, B.O. KypueHko [ 45 |
T.S. Sharamok, N.B. Yesipova, V.O. Kurchenko

used for the destruction of algae. Zinc enters the natural waters as a result of natural processes of
destruction and dissolution of rocks and minerals. A considerable amount of zinc gets into water bodies
with anthropogenic pollution, namely the wastewater from ore dressing factories and galvanic shops,
parchment paper production, and mineral plants. The most important external source of zinc in the
Zaporizhzhia reservoir is a runoff that changes zinc distribution in the littoral.

The obtained data made it possible to calculate the chemical index of water quality, where the index
of quality according to the trophic and saprobiological indicators was 4.4 and for indicators of specific toxic
effect was 3.8. Thus, the weighted chemical index was 4.1, which characterizes the water quality of the
Zaporizhzhia reservoir as "satisfactory" and "poorly polluted”.

In the research of species composition of fish coastal populations, the domination of the short-cycle
species as the R. amarus was identified. Its number was 40-45% of the total from the fish in catches. In
the second place was the R. rutilus — 24-28%, followed by A. alburnus and N. fluviatilis — 6—10%. The
number of other fish species varied from 1.5% to 4%. The prevalence of a small population of low-value
species with a short growing cycle has been observed in the reservoir during the last 10 years and it
indicates the degradation changes in the ichthyotsenoses of the Zaporizhzhia reservoir. The rapid increase
in the number of invasive species of the self-settler Sunfish was another negative feature of the coastal
population structure (Fedonenko et al., 2018).

L =

Fig. 2. The picture of the Carp family young fish peripheral blood:
1 — mature erythrocytes; 2 — young red blood cells; 3 — amitosis; 4 — poikilocytosis; 5 — karyolysis;
6 — adhesion of red blood cells; 7 — pyknosis (40%)
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The picture of the carp fish fingerlings’ peripheral blood is presented in Figure 2. In all the fish, mature
erythrocytes had a clear ellipsoidal form. The nuclei are well-expressed, dark purple, and have a central
location. The cytoplasm is transparent and homogeneous.

The erythrocytes with pathological events were found in all the carp fish. The disturbances were in
the form of cytolysis, karyolysis, pyknosis, poikilocytosis, and amitosis. The most common cells with
variable forms (poikilocytosis) are pear-shaped and crescent-shaped. The relative number of such cells
ranged from 26 to 68% of the total number of cells with pathologies. Cytolysis was detected in 15-32% of
erythrocytes in the form of partial lysis of cells. Nuclear pathologies were found in the form of karyopyknosis
(shrinkage of the nucleus) and karyolysis (partial or complete dissolution of the nucleus) and occurred in
28-54% of variable erythrocytes. Erythrocytes in the state of amitotic division were much less common —
in 8-14% of the total number of cells with pathologies. The largest indicator of erythrocyte pathologies is
noted in A. alburnus — 14% of the red blood cells total number, then in A. brama — 12%, the R. rutilus — 9%,
C. gibelio — 7%, and the smallest number of red blood cells with pathologies was in the R. amarus — 2%.

The relative number of mature erythrocytes in all the carp fishes significantly exceeded the number
of young red blood cells and ranged from 93% to 98%. The young forms of erythrocytes were represented
mainly by blast forms — early erythrocytes (EE) and i polychromatophilic erythroblasts (PE). They had a
well-defined perinuclear zone, a basophilic cytoplasm, and a large nucleus with prominent chromatin
granules. PE differed in the absence of the perinuclear zone and in the presence of oxyphilic properties in
the cytoplasm.

In our research of the ratio PE : EE of the carp fish was as follows: Abramis brama and A. alburnus —
0.8-1:1, R. rutilus—2.5:1, C. gibelio— 3 : 1, R. amarus — 4 : 1. Thus, among the carp fish, the highest
percentage of functionally active erythrocytes forms in blood was in R. amarus and C. gibelio fingerlings.

The morphological signs of erythrocytes in the young fish of other families had their peculiarities. The
red blood cells of L. gibbosus and C. taenia taenia had a classic ellipsoid form, whereas, in N. fluviatilis and
S. abaster nigro lineatus, mature erythrocytes had a more rounded shape. The nuclei and shells of erythroid
cells were clearly expressed in the majority, the cytoplasm was homogeneously colored (Figure 3).

Spined loach Black-striped pipefish

Fig. 3. Picture of the peripheral blood of different families of young fish:
1 — mature erythrocytes; 2 — young red blood cells; 3 — amitosis; 4 — poikilocytosis; 5 — karyolysis; 6 —
adhesion of red blood cells; 7 — pyknosis; 8 — micronuclei (40%)
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The relative number of mature erythrocytes in L. gibbosus and C. taenia taenia was 98 and 97%
respectively, N. fluviatilis — 72%, S. abaster nigro lineatus — 68%. The ratio of young forms of erythrocytes
(PE : EE) in the first two fish species was 1 : 1, in N. fluviatilis, polychromatophilic erythroblasts (1 : 2)
predominated, but in S. abaster nigro lineatus, on the contrary, it was early erythrocytes (1 : 1,5).

The smallest number of erythrocytes with pathological features was observed in the L. gibbosus —
from 2 to 4%, mostly these were cells with poikilocytosis, and nuclei were more common in a state of
piknosis (Fig. 3). In N. fluviatilis, the relative number of erythrocytes with pathology ranged from 4 to 7%,
with more frequent lysis and nucleus picnosis. In C. taenia taenia, the number of erythrocytes with pathology
was 10% on average. The pathological phenomena appeared in infractions associated with cell division
(amitosis), the appearance of several nuclei (micronuclei) in cells, and the adhesion of red blood cells. The
largest number of erythrocytes with pathological changes was detected in blood smears of the S. abaster
nigro lineatus — from 16 to 27%. There were the erythrocytes with picnosis and asymmetry of nuclei.

In the course of small-scale fishing, we found specimens of the S. abaster nigro lineatus, damaged
by Ascaris (Contracoecum) larvae. The one parasite localized in the abdominal cavity of the fish. The
infection incidence of S. abaster nigro lineatus population was 20%. It was interesting to see how the picture
of the fish’s blood changes in the presence of parasitic invasion. In the Figure 4, we could see that
pathological changes affect almost all erythroid cells. The total number of erythrocytes with pathology
reached 77-81%. Most often, there were erythrocytes with a displacement of the nucleus, karyolysis, and
karyopiknosis. In many cells, the membrane had a festooned edge, or it was completely disturbed. There
were poikilocytosis and cytolysis.

,b,: » “%

9

Fig. 4. The picture of the female Black-striped pipefish peripheral blood, damaged by parasitic
larvae of the genus Ascaris (Contracoecum):

1 — displacement and lysis of the nucleus, vacuolation of the cytoplasm, infraction of the cell membrane;
2 — karyorrhexis; 3 — cytolysis; 4 — piknosis, poikilocytosis; lymphocytes (40%)

| S,

The large number of lymphocytes that are concentrated near the affected red blood cells, which
indicates the active course of phagocytic processes is drawing attention.

The research on erythrocytes cytometric indices in different species of the fish allowed to reveal the
following features. In the carp fish, longitudinal diameters of erythrocytes (D) ranged from 10,27 £ 0,08 um,
in the R. amarus to 13,4 £ 0,1 ym, in A. brama (Table 1). The difference between the indicators reached
23% and was significant (p < 0.05).

The largest cross-sectional diameters were in red blood cells of C. gibelio, A. brama, and R. rutilus
(8.1-8.7 um). In R. amarus and A. alburnus, they were on average less for 20% (6.2—6.6 pm).

In other fish families, longitudinal diameter indices ranged from 11.7 £ 0.06 um in the S. abaster nigro
lineatus, to 13.5 + 0.08 um in C. taenia taenia. The difference between the indicators did not exceed 6—
10% (p = 0.05). The values of the cells’ transversal diameter, on the contrary, had significant differences.
The largest cross-sectional diameter was in S. abaster nigro lineatus erythrocytes (9.7 £ 0.04 um), and the
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smallest — L. gibbosus erythrocytes (6.7 + 0.02 um). The difference was probable (p < 0.05) and reached
30%.

The largest area of erythrocytes (S) among the carp fish was in C. gibelio and A. brama and was
88.9 £ 0.47 and 89.04 + 0.58 mkm?, respectively. The area of erythrocytes of R. rutilus was less by 16%,
A. alburnus by 22%, and R. amarus by 45%. A similar dependence was observed in the indices of the area
of erythrocyte nucleus division (s). In C. gibelio, it was 17.4 + 0.16 um?, in A. brama was less by 9%,
R. rutilus by 26%, A. alburnus by 37%, and R. amarus by 43%.

In the case of other families of fish, the highest rates of S and s had the erythrocytes of the young
N. fluviatilis — respectively 98.9 + 0.9 and 21.7 + 0.3 ym?2. Compared to carp fish (A. brama), they were
higher to S by 10%, and to s — by 27%. In S. abaster nigro lineatus, the area of erythrocytes and their nuclei
occupied an intermediate position among the indicators of other species of fish. The C. taenia taenia had
rather large area of the cores of erythrocytes — 17.7 + 0.33 um?, which exceeded the value of this index in
carp fish by 10-44%. In L. gibbosus, S and s did not differ much from A. alburnus.

Table 1. Mature erythrocytes cytometric indices of fish fingerlings of different families

Diameter of erythrocyte, Area of Area of
Species of fish _ pm Eccentricity ery_thr(_)cyte erythrocl;y_t(-“f s/S
longitudinal | transversal (E) division, nucleus division
(D) (d) (S, um?) (s, um?)

Alburnus 1 45 034 0.09 | 6.6 +0.07 0.86 69.6 + 0.62 1094013 | 0.16
alburnus

Rhodeus | 1657 4 0.08 | 6.2+0.05 0.80 49.3 +0.29 99+012 |020
amarus

Carassius 12.8+0.08 | 8.7+0.07 0.73 88.9 + 0.47 17.4 £ 0.16 0.20

gibelio

Abramis brama | 13.4+0.08 | 8.3+0.06 0.79 89.04 + 0.58 159+0.15 | 0.18

Rutilus rutilus | 11.9+0.06 | 8.1+0.07 0.73 75.4 + 0.57 128015 | 017

Neogobius | 157,007 | 9.6+0.08 0.65 98.9+0.9 217+03 | 022
fluviatilis

Lepomis 12.4+0.06 | 6.7+0.02 0.84 66.8 + 0.5 10.8 £ 0.12 0.16
gibbosus

CObt’gZ;Ze”’a 1354008 | 7.7+0.06 0.82 80.4 + 0.65 1774033 | 0.22

Syngnathus

abaster nigro | 11.7 £0.06 | 9.1+0.04 0.62 89.9 +0.38 147+018 | 0.16

lineatus

To evaluate the functional state of erythrocytes, the nuclear-cytoplasmic ratio (s / S) is often used.
According to our calculations among carp fish, the highest s / S was in R. amarus and C. gibelio — 0.20; the
lowest — was in A. alburnus — 0.16. Among the fish of other families, the maximum values were in
N. fluviatilis and C. taenia taenia — 0.22; the least —in L. gibbosus — 0.16. As the s / S value decreases, the
researched fish were constructed in the following series: N. fluviatilis = C. taenia taenia > R. amarus =
C. gibelio > A. brama > C. gibelio > A. alburnus = L. gibbosus = S. abaster nigro lineatus.

Discussion

In the conditions of the Zaporizhzhia reservoir, several features concerning the morphology and ratio
of red blood cells, nuclear-cytoplasmic ratio, and pathological abnormalities in erythrocytes were detected
in the young fish blood of different families.

According to our research, the mature erythrocytes of the young fish of all the researched fish species
had an ellipsoidal shape, but the coefficient of eccentricity (ellipsoidity) of the cells differed significantly.

The highest elevation of erythrocytes (E) among the carp fish was in A. alburnus — 0.86. In other carp
fish, it was less than 7-15%. Compared to other families, the highest values of E were at L. gibbosus —
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0.84, and the smallest — in S. abaster nigro lineatus. — 0.62. In species of the Black-striped pipefish was
noted a decline in E index to 0.56 in infection by parasitic nematodes. The dynamic reduction of E by the
species of fish is as follows:

A. alburnus > L. gibbosus > C. taenia taenia > R. amarus > A. brama > C. gibelio = R. rutilus >
N. fluviatilis > S. abaster nigro lineatus.

The coefficient of eccentricity (ellipsoidity) of erythrocytes characterizes not only morphological but
also functional features of cells. It is known that in warm-blooded - for example, humans and higher
animals (mammals) common erythrocytes have a round shape. The appearance of ellipsoid cells with an
eccentricity index E > 0.62 is regarded as a pathological symptom and is observed in hemolytic anemias.
On the contrary, in cold-blooded animals — fish, and frogs, the ellipsoid form of erythrocytes is normal, and
an increase in the number of red blood cells with a round form is regarded as a deviation from the norm.
Thus, in the round goby in the conditions of experimental hypoxia, red blood cells became larger, acquired
a rounded form, and increased the volume of their nuclei (Parfenova, Soldatov, 2011). In the research of
erythropoiesis in the frog Rana ridibunda L., three groups of red blood cells were noted according to
morphological features: normal ellipsoid cells (eliptocytes) with E = 0.74 £ 0.004; strong ellipsoid cells
(magnulocytes) — E = 0.81 £ 0.004; rounded cells (teretiocytes) — E = 0.63 + 0.012 (Zelentsova, Skorkina,
2004).

If we classify erythrocytes of fish by the E index in analogy with red blood cells, then in the group of
fish with normal ellipsoid erythrocytes (E = 0.73 — 0.80) there are A. brama, C. gibelio, R. rutilus, R. amarus;
with strongly ellipsoid eritrocytes (E = 0.81-0.86) — A. alburnus, L. gibbosus, C. taenia taenia; with rounded
erythrocytes (E = 0.62 — 0.72) — N. fluviatilis, S. abaster nigro lineatus.

Thus, the eccentricity coefficients of erythrocytes of the different species of young fish within the
same family had high variability and depended not so much on the systematic affiliation of the fish but the
biological and physiological features of the species. So, the active, mobile fish (A. alburnus, L. gibbosus)
with high energy costs had erythrocytes with a high ellipsoid index, and the sedentary fish (N. fluviatilis,
S. abaster nigro lineatus) had erythrocytes with a more rounded excentric form. Besides, the infection of
the S. abaster nigro lineatus by parasitic nematodes (Contracoecum) resulted in a 10% decrease in this
index and an increase in the number of red blood cells with a rounded form. A similar phenomenon was
observed in N. melanostomus under conditions of experimental hypoxia (Parfenova, Soldatov, 2011), as
well as in Siganus rivulatus under conditions of lead and cadmium intoxication (Ezzat et al., 2013).

The research on the ratio of erythrocytes in different forms showed that in all fish species the majority
of red blood cells were mature erythrocytes — 93-98%. This fact is emphasized by many authors on different
fish species (Parfenova, Soldatov, 2011; Mineev, 2013; Kurchenko, Sharamok, 2020) and because mature
erythrocytes have more hemoglobin and are able to more actively bind oxygen compared to young
erythrocyte species (Speckner et al., 1989).

Concerning the ratio of young erythroid cells, different species of fish were distinguished by their
peculiarities. The following regularities could be observed: in active, mobile fish species, blood was more
actively rejuvenated by young ballast forms of erythrocytes — early erythrocytes (EE) and therefore in
relation to more mature ballast forms — polychromatophilic erythroblasts (0.8 — 1 : 1). We noticed this pattern
in the A. brama, A. alburnus, L. gibbosus, C. taenia taenia, R. rutilus. On the contrary, in the blood of the
sedentary species — N. fluviatilis, C. gibelio, and S. abaster nigro lineatus early erythrocytes were much
smaller, and the ratio of PE: EE was as follows —2.5-4 : 1.

We also noted the fact that in S. abaster nigro lineatus, when infected with parasitic nematodes, the
number of early erythrocytes increased several times, exceeding the number of polychromatophilic
erythroblasts (PE: EE = 1: 1.5). Apparently, the appearance of young ballast forms of erythrocytes was a
protective reaction of the body to parasite intoxication.

According to the cytometric data, the largest area of erythrocyte segregation was in the Caspian
sand goby, S. abaster nigro lineatus, and A. brama, and the C. gibelio, and the smallest in the R. amarus,
the L. gibbosus, and the A. alburnus. It is thought that in smaller cells, a shorter diffusion path and faster
oxygen transfer occur. Our data, in general, coincide with this conclusion — namely, in the bleak, the perch,
and the bitter, which were fast-moving and therefore actively needed oxygen for respiratory processes, the
erythrocytes’ area was the smallest among other types of fish. While in the slow-moving fish (N. fluviatilis,
C. gibelio), which are unpretentious to oxygen conditions, the area of erythrocytes was 30-50% higher.

The indicators of the nuclear-cytoplasmic ratio differed in fish with varying agility to environmental
conditions. The highest were in the N. fluviatilis, the C. taenia taenia, and the C. gibelio (0.20-0.22) — that
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is fish that was resistant to oxygen conditions and pollution. In more sensitive fish (A. alburnus) they were
20-25% lower. High indices of the nuclear-cytoplasmic ratio can indicate the ability of erythrocytes to rapidly
accumulate nuclear mass and switch to an amyotrophic division, which may be one of the adaptive
reactions of fish to adverse conditions.

The erythrocytes with pathological abnormalities were found in all the fish species studied, but their
relative numbers differed. Among the carp fish family, the largest number of erythrocytes with pathology
(cytolysis, karyolysis, piknosis, poikilocytosis, amitosis) was in the S. abaster nigro lineatus (14%), the
lowest was in the R. amarus (2%); then in descending order followed by the A. brama, Rutilus rutilus,
Carassius gibelio. In the fish of other families, the proportion of damaged erythrocytes ranged from 2%
(L. gibbosus, N. fluviatilis) to 10% (C. taenia taenia). In the S. abaster nigro lineatus only, the number of
erythrocytes with pathological features reached 27%. In the S. abaster nigro lineatus individuals infected
with parasitic nematodes, the number of erythrocytes with pathological features (nucleus displacement,
karyolysis, karyopiknosis, poikilocytosis, and cytolysis) increased to 81%.

Unfortunately, we did not have the opportunity to compare the data obtained with the literature data
for all the fish species researched. In the literature available to us, we did not find information on the status
of red blood cells in the R. amarus, A. alburnus, L. gibbosus, C. taenia taenia, and S. abaster nigro lineatus.
That is, we can assume that these researches were conducted for the first time and need to be continued.
The most researched erythrocyte hematopathies in the A. brama, R. rutilus, and C. gibelio, which are
common and common species in reservoirs. Thus, according to Russian scientists in the contaminated
areas of the Kuibyshev reservoir in the A. brama and the R. rutilus the number of red blood cells with
pathological signs increased from 26.4% to 40.6%. In this case, the most common cell pathologies were:
vacuolation of the cytoplasm, acentric location of the nucleus, cytolysis, karyolysis, and karyopiknosis
(Mineev, 2016). In the young A. brama, contaminated sites of the Volga delta with kernel displacement,
chromatinolysis, anisakidosis, and other pathologies reached 32-42% (Konkova, Fedorova, 2016). We saw
a similar pattern in the R. rutilus from the Zaporizhzhian reservoir. The number of damaged erythrocytes in
the fish from the contaminated area of the reservoir increased from 8% to 33% compared to the
conditionally clear area (Sharamok et al., 2016).

It is known that in conditions of toxic loads on fish, destabilization of the circulatory system begins
with the appearance in the blood of young forms of erythrocytes as compensation for depleted mature
erythrocytes, and ends with the mass destruction of mature erythrocytes.

Given these patterns, as well as the relatively low number of young ballast forms of erythrocytes and
mature erythrocytes with pathological features, we can assume that the state of red blood cells in the young
fish species researched by us meets the conditional norm, except for the picture of the parasite-infected
S. abaster nigro lineatus.

Conclusion

The hematological research of the fish was carried out at the central section of the Zaporizhzhia
(Dnipro) reservoir, which is characterized as “satisfactory” and “poorly contaminated” by toxicity indicators.
The morphometric indices of erythroid cells were used to assess the adaptive capacity of the young fish
populations. According to the results of research, the young fish which belong to the ecological group of
sedentary and oxygen-less fish species (Neogobius fluviatilis, Carassius gibelio) had the largest
erythrocytes area and a high nuclear-cytoplasmic ratio. Indicators of eccentricity (ellipticity) of erythrocytes
had the highest values in the mobile fish (Alburnus alburnus, Lepomis gibbosus) with high energy costs.
The mobile fish also had a high content of young ballast forms of early erythrocytes, indicating active
rejuvenation of red blood cells. The relative number of erythrocytes with pathological features (nucleus
displacement, karyolysis, karyopiknosis, poikilocytosis, and cytolysis) was not high in all fish species (2—
10%). Only in the Syngnathus abaster nigro lineatus, the percentage of erythrocytes with pathology ranged
from 16—-27%, and in individuals affected by Ascaris parasitic nematodes, it reached 81%.

Thus, the main indicators of the red and blood of fish, which, in our opinion, reflect the adaptive
capacity of fish, are the eccentricity ratio of erythrocytes, the ratio of young ballast forms of erythrocytes,
nuclear-cytoplasmic ratio, and the relative number of erythrocytes with pathology.

In the less mobile fish, the physiological adaptation of red blood cells to the environmental conditions
was more pronounced than in the actively moving fish.
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LiuTomeTpuyHa xapakTepucTuka eputTpouunTiB monoAi npicHoBogHUx pub
pPi3HUX poauH
T.C. lWWapamok, H.B. €cinoBa, B.O. KypueHko

HocnigxeHo MopdOMETPUYHI NOKA3HUKM €PUTPOLIUTIB MONOZi pisHUX BUAIB pMb, L0 MeLLKalTb Y NPUOepexHnX 3oHax
Bogonm. OG’ekToM AocnigXeHHs Oynu pubu YOTMPbLOX POAMH: KOPOMOBi (BEpXOBOAKA, Kapacb CpibnscTui, ripyak
3BUYANHWUIA, NAW, nniTka), irmuuesi (ronika nyxmnoLwoka YOPHOMOPCbKA), LIEeHTPapxoBi (COHAYHMM OKYHb), B’HOHOBI
(wunoska 3BuYariHa), 6uukM (bryok NicoYHKK). [iQPOEKONOrivyHi YMOBM XapakTepusyBanucb HanpyXeHMM KUCHEBUM
PEXUMOM, BUCOKMM BMICTOM hocdaTiB i Baxknx metanis (UMHKy). MNepudepunyHy kpos pubu Biabrpanu 3 XxBoCTOBOI
BEHW; Ma3Ku BUrOTOBMANM 3a KNacu4yHOW MeTogukow Ta (apbysanu 3a metogom PomaHoscbkoro-limsu. 3a
pesynbTatamu gochnimkeHb 6yno BUSBMEHO, WO y monodi pub, ki HanexaTb 40 €KOMOriYHOI rpynu ManoaKkTUBHMX i
HeBMbarnnemx BWAIB (BMYOK MICOYHMK, Kapacb CpibnAcTUi), epuTpoLMT MaloTb HaMbiNbLly MAOLWY MOonepeyHoro
nepepidy Ta BWCOKUWA MOKa3HWK SAEPHO-LMTOMMIA3MaTUYHOIO CriBBIAHOLWEHHS. [TOKa3HUKN EeKCLEHTPUYHOCTI
epuTpoumnTiB BynuM HamBULWMMW Yy aKTUBHUX pUO 3 BMCOKMMU €HEPreTUYHMMMW BUTpaTaMu (BepXOoBOLKA, COHAYHWN
OKyHb). HaiBinbluy KinbKicTb epuTpouUTiB 3 NaTonoriYyHMMKU siBMwamMun (LMTONI3, Kapioniauc, nikHo3, MOMKinouuTos)
cnocTepiranv y monogi BepxoBoaku (14%), a HalMeHLLYy — y ripyaka 3BMYaiHOro Ta COHSAYHOro OKYHs1 (2—4%). Y 0cobuH
FOMKN MyXNOLOKOI YOPHOMOPCBHKOI, YpaXKeHWX napasvTUYHMMK Hemartogamu p. Ascaris, KinbKiCTb epuTpouuTiB 3
natonorieto 3pocna Ao 81%. B ymoBax TOKCMYHOrO HaBaHTaXeHHs AecTtabinizauis KPOBOHOCHOI cuctemu y pub
NMOYMHAETBLCA 3 MOSIBM B KPOBi MOSIoAMX hOPM €pUTPOLMTIB 9K KOMMEHCcaUisa pyMHYBaHHSA 3pinux eputpouuTie, a
3aKiH4y€eTbCA MacoBUM PYNHYBaHHAM 3pinux eputpouuTie. BpaxoByrouu Li 3aKOHOMIPHOCTI, @ TakoX BiGHOCHO HU3bKY
KifbKIiCTb MONoaMx hopM epUTPOLMTIB i 3piNINX epUTPOLMTIB 3 NATOMNOMYHMMN O3HaKaMu, MOXHa BBaXKaTu, LLO CTaH
epuUTPOLMTIB Yy AOCNigXeHWX Hamu BuAiB mMonoai pub BignoBigae yMOBHIA HOPMI, 32 BUMHSITKOM KPOBi 3apaKeHoi
napasuTamMm rosiku NyxroLloKoi YOPHOMOPCLKOI. Taknum YMHOM, OCHOBHUMM MOKa3HMKaMM YepPBOHOT KPOBi p1b, siki, Ha
Hawy AymKy, BigobpaxaloTb aganTauinHi MOXNMBOCTI pub, €: KoediuieHT EeKCLEHTPUYHOCTI epUTPOLMUTIB,
cniBBigHOWEHHS Monoamx 6anacTHmx hopmM epuTpouUTiB, SOAEpHO-LMTONNa3mMaTuyHe CriBBiAHOLEHHS Ta BigHOCHa
KINbKICTb epUTPOLIMTIB 3 NaToNOriEl0.

KnwouoBi cnoBa: epumpouumu, uumomempuyHi iHOeKkcu, namosoeiyHi 3MiHu, 3arnopisbke ([Hinposcbke)
gooocxosuuye.
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