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The paper concerns the hematological parameters of carp

(Cyprinus carpio L.) as related to the age of fish and changes

occurring during the spawning period. In blood samples the
red and white cell counts, hematocrit, hemoglobin concen
tration, MCV, MCH, and MCHC were determined, and the
leukogram and morphology of blood cells were examined in
detail. The results obtained were treated statistically.

INTRODUCTION
The . blood of every organism is adjusted to its life requirements, and the changes
occurring in it are signalized very early.
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Hitherto, the utility of hematological studies in ichthyology has been limited for the
lack of accurate information which could define physiological standards for various fish
species. However, extensive research conducted all over the world during the recent years
has enabled many authors to determine some of the hematological parameters for the
teleost fish in artifical and natural habitats. Most of the work concerned the
hematological research on salmonids, and some studies only dealt with cyprinids (Field et
al., 1943; Dombrowski, 1953; Topf, 1955; Watson, 1963; Chlebeck and Philips, 1969;
Summerfelt, 1967; Gardner and Yevich, 1969; Hines and Yashouv, 1970;Ivanova, 1970;
Varo, 1970; Houston and De Wilde, 1972; Svobodova, 1973; Svobodova and Janecek,
1973; Golovina, 1975, 1976).
However, the detailed structure of the white blood cells and terminology of their
various types still remain controversial. The first studies on the blood morphological
elements differentiation were conducted early in this century (Wertzberg, 1911; Meinertz,
1902; Loewenthal, 1927, 1928, 1930; Stolz, 1928; Agnesotti, 1932; Pliszka, 1938).
These studies concerned both the elasmobranch and teleost fishes.
Contrary to the hitherto existing opinions on the existence of macrophages in fish
blood (Jakowska, 1956; Weinreb and Weinreb, 1969) it is proposed nowadays to adopt
different names for phagocyte cells. The blood cells of phagocyte properties should be
called monocytes, and the phagocyte cells existing in tissues - macrophages. As a
criterion to distinguish between the two, the intensity of phagocyte properties, moderate
for monocytes and very intensive for macrophages (Van Furth et al., 1972) is used. Many
authors differ also in their opinions on the existence of neutrophilis, eosinophils, and
basophils in fish (Watson, 1963; Slicher, 1961; Salvatorelli, 1971; Fijan, 1961; Guarnieri,
1962).
It is evident from the review of the literature that there is a lack of a consistent
classification of the fish white blood cells, and there is no uniform nomenclature for them
either. The most accurate is the classification worked out by Ivanov a ( 1970) for large
material comprising 22 fish species. That author's basic classification criteria were:
function of blood cells, their individual development, and morphology. According to this
classification, the peripheral blood of carp contains the following cells: hemocytoblasts,
myeloblasts, promyelocytes, myelocytes, metamyelocytes, rod and filamented neutro
phil, eosinophils, basophils, monocytes, and lymphocytes.
Electron microscope used in the recent years allowed to examine some morphological
characters and functions of the white blood cells in greater detail. In spite of using EM
techniques, however, some authors still differ in their opinions on structure and affinities
of blood cells. Weinreb (1963) considers the structure and development of lymphocytes
and thrombocytes in the crucian carp ( Carassius auratus gibelio Bloch) to be similar. On
the other hand, Ferguson (1975) showed those two blood elements to be separate
morphologically functionally, and developmentally. This view was also supported by Ellis
(1976). The application of electron microscope techniques allowed to detect evident
similarities between structures of blood cells of mammals and fish. Based on the analysis
of Il}O(pho�ogical sill}ilarities ano aJs.o jmmunol<?gical properties of th�se blood cel\s, it is
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proposed to adopt a nomenclature of fish leukocytes identical with that applied for
mammals (Ellis, 1977).
The variety of opinions on classification and nomenclature of fish white blood cells
concerns also effects of physiological factors on quantitative and qualitative parameters
of fish blood.
Dependence of hematological parameters on the fish age was studied by many authors
(e.g., Pavlov and Krolik, 1935; Antipova, 1954; Das, 1965;Iuchi, 1973;Dorfman, 1973;
Svobodova, 1973; Golovina, 1975, 1976). Results obtained in these works are often
controversial.
The effect of sex on quantitative changes in fish blood was studied by many authors.
Some authors reported evident quantitative differences between the blood of males and
females (Schlicher, 1927; Pavlov and Krolik, 1935; Lange, 1919;Ivlev, 1955;Einszporn
Orecka, 1970; Ezzat et al., 1974; Fourie and Hatting, 1976; Van Vuren and Hatting,
1976, 1978), others, however, did not observe that (Smith, 1930; Glazova, 1967).
Some studies showed changes of hematological parameters to occur during spavvning.
These changes were observed both in females and males (Drabkina and Telkova, 1949;
Puckov and Fedorova, 1951; Schlicher, 1927; Nusenbaum, 1951), or only in females
(Einszporn-Orecka, 1970; Svobodova, 1973; Robertson et al., 1961; Cernikova, 1967).
Changes in the carp blood occurring during spawning were the subject of a few studies
only, with often contradictory results.
The aim of the present work was to study the effects of basic physiological factors,
i.e., age of fish and changes occurring during spawning, on the hematological parameters.
It is thought very important to present data on ranges of hematological parameters in
the carp, the more so because the variability of metabolism in fish under normal
physiological conditions is much more pronounced in fish than in higher vertebrates.
Thus, for an objective assessment of disease effects, it is imperative to know hematologic
parameters and disregard their possible changes under various normal physiological states.

MATERIALS

The materials studied consisted of 340 individuals of 1-28-months old carp. The
fishes came from the same pond stocks at a fish farm. The blood for the assays was
obtained immediately after the catch ( every sample consisted of 20 fish) every month
from March through November, and during the winter in January. During this period the
water tem_iJerature was measured in pond.

The materials consisted of 31 females and 41 males aged 5-6 years. Effects of the
physiological changes during spawning on the hematological parameters of spawners were
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examined according to Nikolski's method (Opuszynski, 1979), at the following gonad
maturity stages:
l. Mature gonad (sexual products mature but not excreted under a slight pressure on the
abdomen); the assays were run in the end of May, the blood being obtained from
8 males and 10 females.
2. Spawning (sexual products excreted under a slight pressure on the abdomen); the
blood was obtained from 11 males nad7 females in the beginning of June, about
24 hours before spawning.
3. Post-spawning; the blood was collected from 11 males and 8 females 7 days after the
spawning.
4. Resting; the hematological assays were carried out four months after spawning; the
blood was obtained from 10 females and 10 males.

METHODS
The blood from the fish was collected in the field. The blood was taken from the heart
according to the method of Klontz and Smith (1968). The place of needle insertion was
thoroughly cleaned of water and mucus. The needle was inserted perpendicular to the fish
body surface and slightly aspirated during penetration. The yearlings, marketable fish,
and spawners yielded 5-10 cm3 of blood per individual.
The blood was collected with plastic syringes because the fish blood quickly coagulates
on contact with glass (Smith et al., 1952). The blood from the fry was collected with a
Pasteur pipette rinsed with heparine (Hattingh, 1975). The pipette content was poured
onto a watch glass covered by a thin layer of paraffin (Einszporn-Orecka, 1970). The
blood assays were as follows:
l. The red blood cell count. The blood was 1:200 diluted with the Hendricks (1952)
solution. The blood cells were counted in Burker hemocytometer following the
generally accepted procedures.
2. The white blood cell count. The blood was 1: 100 diluted with the Shaw (1930)
solution. The same procedure as for the erythrocytes was followed.
3. The hematocrit value was determined according to Snieszko (1960).
4. The hemoglobin content was estimated according to the Drabkin method reported for
purposes of fish hematology by Larsen and Snieszko (1961).
5. The red blood cell parameters were calculated as in Dacia and Levis (1968). The
following absolute values were mathematically computed: MCV (mean corpuscle
volume), MCH (mean content of hemoglobin), MCHC (mean percentage hemoglobin in
an erythrocyte).
All the numerical data were treated statistically, the arithmetic mean and its standard
deviation being calculated. The results were tested with Student's t and two-way analysis
of variance (Elandt, 1964).
Five blood smears for each fish examined were prepared for the purpose of leukogram
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and blood cell morphology. The smears were stained with May-Griinwald-Giemsa (MGG)
panchromatic technique applied in hematological studies of fish (Klontz. 1972).
The following blastocyte forms in the carp' blood were distinguished: hemocytoblasts,
and promyelocytes, as well as leukocyte types: myelocytes, eosinophils, basophils,
monocytes, and lymphocytes. The percentages of various kinds of leukocyte types in a
leukogram were calculated from 200 white blood cells.
RESULTS
Results of the studies on age effects on hematological parameters of carp blood are
presented in Table 1 and Figs. 1-8.
The red blood cell count was found to increase until the age of 14 months and to
decrease thereafter. The differerences between various age groups were statistically
significant except for those in June and October (Table 1).
The hematocrit value in' the youngest age group (fish 1-5-months-old) was lower as
compared to older fish, the difference being statistically signfficant except for the values
in October. In the middle age group (7-16 months) an increase in the hematocrit was
recorded, and in the oldest group (22-28 months) the parameter decreased with the fish
age (Table 1).
The hemoglobin content in the youngest age group was at the lowest (Table 1), the
difference from the two older groups being statistically significant. The differences
between the middle and oldest age groups were, generally, not significant.
The mean corpuscle volume of red blood cells (MCV) did not change with fish age.
The mean content of hemoglobin in an erythrocyte (MCH) was at its lowest in the
youngest age group (particularly before the fourth month of fish life), the difference with
other groups being significant.
The mean per cent hemoglobin in an erythrocyte (MCHC) was, similarly to MCH,
lower in the fish younger than 4 months. The differences in the other age groups were not
significant.
The leukocyte count per 1 mm 3 failed to show any considerable age-dependent
differences (Fig. 1).
The blastodermic forms of leukocytes remained in the peripheral blood until the 11 th
month of fish life, the hemocytoblasts, myeloblasts, and promyelocytes remaining until
the 3rd, 5th, and 11 th month, respectively, the latter being absent from the carp blood in
November and January.
The percentage of neutrophils, generally, increased with age, the differences being
statistically significant (Fig. 4).
The percentage of eosinophils: there was an inverse relationship in per cent contents of
these blood cells, the percentage of eosinophils in fish blood decreasing with age and the
decrease being statistically significant (Fig. 5).

Table l
The results of the hematological tests of carp peripheral blood during three years of the production cycle
Age of
fish
(months)

1
2
3
4
5

7
9
10
11
12
14
15
16
22
24
26
28

Legend:

Date of
blood
collecting
20.07
22.08
14.09
20.10
15.11
12.01
14.03
24.04
18.05
20.06
10.08
24.09
20.10
15.04
20.06
18.08
28.10

Water
temperature
(oC)
22
20
14
8
6
3
4
8
14
18
19
10

9
10
17
20
6

Erythrocytes
n 106 /mm
SR

1.24
1.35a
1.36a
1.37
1.10
1.19
1.71
1.57b
1.52
1.60a
2.34c
1.63b
1.47a
1.40a
1.50a
1.53b
1.38a

SD

0.18
0.15
0.13
0.13
0.16
0.16
0.32
0.24
0.13
0.19
3.32
0.17
0.15
0.15
0.12
0.11
0.19

I

Hematocrit
(per cent)

SR
27.10
28.90a
31.lOa
31.50a
22.70
23.50
36.90
33.70a
34.40
37.30b
34.50b
36.70b
34.80b
31.70a
34.lOa
34.90b
30.60a

Hemoglobin
(per cent)

Leukocytes
(x 103 /mrn3 )

SD

SR

SD

SR

5.66

5.60
5.51a
6.49a
5.61a
5.90
6.80
9.59
7.73a
8.38
8.17a
8.04b
8.53b
8.06c
7.15a
7.68a
7.68b
6.89b

0.96
0.84
0.75
0.97
0.99
1.08
1.22
0.99
0.79
1.26
0.83
0.17
1.02
0.79
0.99
0.81
0.84

49.00
42.18a
45.76a
51.48a
39.63
39.91
46.81
40.64a
44.43
47.04a
47.25a
52.45b
41.86a
47.83b
50.24a
46.13a
41.33a

5.55

6.89
6.39
3.70
3.78
4.34
6.45
3.55
4.00
3.76
3.95
5.12
5.26
2.99
2.69
6.43

SD

7.77
9.24
6.91
11.57
4.90
4.30
8.16
4.63
6.62
6.13
6.59
15.66
11.28
6.10
5.69
5.89
12.24

SR - arithmetic mean, SD - standard deviation, a,b,c - significance of differences of the comparable different age groups of fish, in the same
calendar months
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The percentage of basophils showed no clear-cut relationship with the fish age (Fig. 6).
The percentage of monocytes and lymphocytes showed no distinct age-related
differences. However, an increase in the monocyte percentage could be recorded in
autumn and winter (Figs. 7-8).
The changes in the peripheral blood composition versus gonad maturation cycle are
presented in Table 2 and Figs. 9 and I 0. A highly significant sex stage interaction in most
hematological parameters analysed was found. It means that males and females differed
significantly in their blood parameters as tested against gonad maturity stage
(Psa < 0,01-0,001).
The erythrocyte count is affected highly significantly by sex. At all gonad maturity
stages the number of erythrocytes was higher in males than in females (Fig. 9).
The hematocrit value in each of the four gonad maturity stages was higher in males. In
both sexes the value increased at stage 2, a decrease being observed at stages 3 and 4
(Fig. 9).
The hemoglobin content was generally higher in males than in females. The effect of
gonad maturity stage on this value was significant (Fig. 9).
The red blood cell indices (MCV, MCH, MCHC) were sex-dependent (p8 < 0.01); on
the other hand, the effect of gonad maturity stage was spurious (pa> 0.2).
The leukocyte count (per 1 mm3 ) in the female blood was higher than in males. These
differences at gonad maturity stages 2 and 3 were several times higher than at stages 1
and 4 (Fig. 10).
The blastodermic forms of leukocytes in the peripheral blood of carp males and
females were not observed.
The percentage of myelocytes in the males blood was higher than in females
(p8 < 0.05). The decrease in the myelocyte percentage was observed in both sexes at the
gonad maturity stage 4 (Table 2).
The percentage of metamyelocytes was higher in males than in females (p < 0.01).
These differences were highly significant at stages 1-3. High increases in metamyelocyte
percentage were observed in males at stage 2 and in females at stage 3. In both sexes the
percentage decreased at stage 4 (Table 2).
The percentage of rod neutrophils was higher in males than in females at all stages of
gonad maturity. The effect of sex on the content of these blood cells was highly
significant (p8 < 0.001). The percentage of rod neutrophil in both sexes increased
gradually from stage 1 to 4 (Table 2).
The percentage of filamented neutrophils showed very highly significant sex-depen
dent differences (p 8 0.001). At gonad maturity stages 1 and 2 the value was higher in
males than in females; however, at stages 3 and 4, the percentage of filamented
neutrophils was higher in females (Table 2).
The percentage of all neutrophils was at each gonad maturity stage higher in males
than in females. In males, the highest values occurred at stage 2 and in females at stage 3
(Table 2, Fig. 10).

The effect of the spawning period on the percentage concentration
of neutrophils in the peripheral blood of males and females of carp ( Cyprinius carpio L.)
Maturity
stage of
gonads

I

Date of
blood
collecting

24.05

2

08.06

3

24.06

4

07.10

Sex

0
9
0
9
0
9
0
9
0
9

mean

p

Number
of
fish

8
10

11
7
11
8
10
10

Neutrophils (per cent)
myelocytes
SR

SD

SR

4.50
0.70
2.45
1.10
3.50
2.50
0.25
0.00

1.95
1.18
1.85
0.83
1.74
1.75
0.64

6.25
1.10
1 8.60
6.80
12.10
8.40
0.50
0.85

-

SD
2.09
0.83
2.30
1.53
2.13
1.3 9
1.10
1.17

rod
neutrophils
SR
3.05
2.30
10.36
4.05
8.76
5.35
1 2.00
7.20

filamented
neutrophils

total
neutrophils

SD

SR

SD

SR

SD

2.05
1.45
2.53
3.7 5
1.84
1.19
3.25
2.95

3.11
1.10
5.80
0.40
3.60
6.05
5 .18
6.60

0.78
1.22
2.03
0.50
1.94
1.90
3.12
2.36

17.00
5.00
37.20
12.30
28.50
22.50
18.10
14.70

2.44
2.36
4.46
2.04
3.86
4.16
3.93
3.86

2.67
1 .07

9.40
4.30

8.50
4.70

4.40
3.50

25.50
13.50

P s <o.o5
Pa >0.2
Psa<0.01

p 5 <0.01
Pa >o.l
Psa<0.001

Ps <0.001
P a <0.001
Psa<0.001

Ps <0.001
Pa >o.2
Psa <o.o 1

Ps <0.001
Pa <0.001
Psa<0.001

Legend:
arithmetic mean
- standard deviation
- significance of differences
p
significance of interaction (of both factors)
Psa

SR
SD

metamyelocytes

I

Ps - sex-linked significance of differences
significance of differences dependet of the gonads
maturity stage
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Fig. 9. Effect of spawning time on erythrocyte count, hematocrit, and hemoglobin content of the
peripheral blood of carp males and females
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The percentage of eosinophils showed significant sex-dependent differencess
(p s < 0.01), the parameter being always higher in males.
The percentage of basophils showed no significant sex-related differences (p5 > 0.2);
however, a significant effect of gonad maturity stage was found(pa < 0.05).
The percentage of monocytes was significantly different between males and females
(ps < 0.01). At stage 3 in males an increase in the percentage of monocytes was observed;
however, females showed a decrease in this parameter.
The percentage of lymphocytes showed significant sex-related differences
(p s < 0.001). The differences were several times higher at gonad maturity stages 1 and 2
than at stages 3 and 4 (Fig. 10). At stage 2 in males a highly significant decrease was
recorded, females showing a slight increase in the percentage of these blood cells.

DISCUSSION
I. Age of fish
As shown by the review of the literature, among the factors affecting the results of
hematological assays were: fish species, age, and spawning period (Murachi, 1959;
Dorfman, 1973; Iuchi, 1973; McCarthy et al., 1973).
The data presented point to the intensive activity of blood-producing organs at the fish
age of 9-16 months; in these fish the erythrocyte count was significantly higher than in
the fish aged 1-5 and 22-28 months (Table 1). The red blood cell number increase in
the fish during the summer was brought about by the water temperature rather than by
the fish age. This relationship was described by many authors, e.g., Klontz and Smith
(1968); Mc Knight ( 1966); Summerfelt (1967); Gardner and Yevich (1969); Litzbarski
(1974); Fourie and Hattingh (1976); Fourie and Van Vuren (1976). During the
°
autumn-winter season (at low water temperatures of 3-5 C) the erythrocyte count was
at its lowest in the carp of different age(Table 1), the relationship being also observed by
Puckov(l962).
The erythrocyte count in the present study was 1.l-2.3x106 /mm3 , various other
values being reported in the literature: 2.0-2.65 x 106 /mm3 (Stolz, 1928);
1.31 x 106 /mm3 (Smith et al., 1952); 1.4 x 10 6 /mm3 (Dombrowski, 1953);
1.01 x 106 /mm 3 (Hines and Yashouv, 1970). These differences can be accounted for by
different environmental conditions, i.a., different water temperatures.
The hematocrit, similarly to the erythrocyte count was the highest in the fish aged
7-16 months, the difference being particularly significant with respect to the youngest
age group(1-5 months). It can be accounted for by the highest erythrocyte count in that
group.
The hematocrit value decreased in all age groups during autumnwinter (Table 1),
°
which was probably related to the decrease in temperature during this period (3-5 C),
and consequently to a slow-down of metabolic processes, the hemopoietic activity
included.
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It should be mentioned that the mean volume (MrH) and mean percentage (MCHC) of
hemoglobin in an erythrocyte (especially in the youngest carp) increased significantly at
this time, which could mean that even though the erythrocyte number dropped, the
intensity of oxygen assimilation by these blood cells did not decrease:
The literature data (Snieszko,. 1960, Summerfelt, 1967; Houston and De Wilde, 1972)
stress the importance of hematocrit value in diagnostic studies owing to its low variability
as compared to the erythrocyte count and hemoglobin level; however, based on the
present results one cannot confirm the observations mentioned above.
Nevertheless, the significant effect of fish age on the hemoglobin content, MCH, and
MCHC can be suggested, the values being at their lowest in the youngest fish (aged
1-5 months). The oxygen and energy requirements of the young fish are very high. Thus
it seems that in the earliest period of life the fish employ some additional, unknown
mechanisms of oxygen assimilation and distribution, which ensures the normal course of
life processes.
There was no clear-cut relationship between the fish age and the leukocyte number.
the autumn-winter period the numbers of these blood cells in all age groups tested
were at their lowest, the values increasing in the summer (Table 1, Fig. 1). These results
to Schlicher's (1927) data, but contradict the findings of Antipova (1954).
In the present study, the number of leukocytes in the carp aged 1-28 months was
30-50 x 103 /mm3 of blood. The carp leukocyte counts in other in other studies "\'Vere:
90-120 x 103 /mm 3 (Stolz, 1928); 40-SOx 103 /mm3 (the first year of life, Dom
·,. browski, 1953); 26-57 x 103 /mm3 (Hines and Yashouv, 1970); 25-80 x 103 /mm 3
(Kudriacev, 1969). Different environmental conditions, physiological states, and methods
' of study are probably responsible for the large ranges of and differences in these data.
· Until recently, thrombocytes had been identified as lymphocytes (due to their similar
morphology), the total number of leukocytes being thus artificially overestimated.
:.' Ferguson (1976) who used electron microscopy showed morphological and functional
· differences between the leukocytes and thrombocytes.
The relationship between the carp age and the percentages of blastodermic forms in
the blood is very clear, the blood cells existing in the first year of fish life, which
· \evidences a high activity of the hemopoietic organs in this period of life. It is only in the
Winter that the blastodermic forms were not found in the periopheral blood.
. The classification of blastodermic forms of blood cells applied in the present study
{ollows lvanova (1970). According to this classification, the parental forms for all the
blood cells (erythrocytes and leukocytes) are hemocytoblasts. The early forms of all the
·· granulocytes (neutro-, baso- and eosinophils) are myeloblasts. From their fission originate
promyelocytes that can be an initial form for neutrophils, eosinophils, and basophils.
': Subsequently, neutrophils give rise to myelocytes, metamyelocytes, and rod and
\ (filamented neutrophils.
Hitherto, the literature has reported different classifications of blastodermic forms of
fish blood cells. For some authors, the parental cell for all structural elements of blood
the lymphoidal hemoblast (Jordan and Speidel, 1924; Topf, 1955; Vara, 1970);
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others considered the large and small lymphoidal hemoblasts (Catton, 1951), or the large
and small hemoblasts (Jakowska, 1956; Weinreb and Weinreb, 1969; Saunders, 1966).
The granulocyte parental cells were called granuloblasts and progranulocytes (Duthie,
1939; Catton, 1951), or progranulocytes and proneutrophil (Jakowska, 1956; Weinreb,
1963; Hines and Yashouv, 1970).
The study presented shows the percentage of neutrophils to increase with the fish age
(Fig. 4). The percentage of all neutrophilsrnnged from 2.9 (in the youngest carp) to 20.3
(in the oldest fish). The results presented differ considerably from some data reported by
the literature and concerning this parameter in the cyprinids. Gardner and Yevich (1969)
stated that these fish contained no neutrophils and basophils, although Watson (1963)
observed the percentage of neutrophils to amount to 1-2, while according to Weinreb
and Weinreb (1969) the neutrophil percentage was 5-12. The latter are the most similar
to the present results.
The percentage of eosinophils in the carp blood is low and it shows a decreasing
tendency with age. However, a relatively high percentage of these blood cells (6.55-8.10)
can be observed in the youngest carp as compared with that in the oldest fish
(3.15-3.70). The present results were similar to the literature data in terms of the
eosinophil percentage in the carp blood. Loewenthal (1928) and Watson (1963) report
about 8% and 1-3%, respectively. Golovina (1976) observed an irregular decrease in the
percentage of these blood cells with the carp age. In the 1-5 months old fish the
eosinophil percentage was 0-12.5, while the carp blood at the age of 7-14 months
showed 0-3.6% of eosinophils.
The contents of basophils monocytes, and lymphocytes were not age-related (Figs. 6,
7, 8). There is only a relationship between the monocyte percentage and low
temperatures as the percentage of these cells increased markedly in all age groups during
autumn-winter.
U. Spawning
The studies presented show the physiological processes related to the reproductive
cycle to be very important factors affecting carp hemo- and leukograms.
The present author's own observations and also the studies of Svobodova (1973),
Ezzat et al. (1974), Fourie and Hattingh (1976), Siddiqui and Naseem (1979) show
metabolic processes connected with the gonad maturation to result in a marked increase
in the erythrocyte count, hematocrit value, and hemoglobin content in the blood of
males and females of carp (Fig. 9). Increase in these parameters was observed at the
spawning stage (stage 2), no increase being recorded at the resting stage (stage 4) as
opposed to a study by Svobodova (1973). The present data differed also from the results
ofSchlicher (1927), Robertson et al. (1961), Cernikova (1967), and Einszporn-Orecka
(1970) who found decreased erythrocyte counts and hemoglobin contents in the
peripheral blood during spawning. In the pre-spawning period of the present study, not
only the total number of erythrocytes in the peripheral blood increased, but also
immature blood cells were more frequent at this stage than at other times.
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At all stages of gonad maturity the erythrocyte count, hematocrit, and hemoglobin
content were generally higher in males than in females. On the other hand, the red blood
cell indices (MCV, MCH, and MCHC) were higher in females. The data are similar to the
results of Einszporn-Orecka (1970), Svobodova (1973), Ezzat et al. (1974), Fourie and
Hattingh (1973), and differ from those reported by Schlicher (1927), Robertson et al.
(1961), Cernikova (1967) who observed higher values of these parameters in males during
the spawning period only.
The sex-dependent differences are visible also in changes of the leukocyte count,
which. was particularly evident during spawning (stage 2). The present study showed the
number of white blood cells to increase during spawning in females only. At the resting
stage the leukocyte count decreased both in males and in females, parallel to gonad
resorption (Fig. l 0).
The above results differ from the literature data, e.g., Einszporn-Orecka (1970)
observed an increase in the leukocyte count both in males and females during tench
(Tinca tinca) spawning. This was also found by Ezzat et al. (1974) for Tilapia zilli. Similar
results were obtained by Cernikova (1967) for the lavaret (Coregonus lavaretus); however,
she did not observe any increase in the leukocyte count of the roach (Rutilus rutilus),
bream (Abramis brama), and burbot (Lota lota) during their spawning.
The results of the present study as compared with the literature data show the number
Qf leukocytes in both sexes during spawning to be highly species-dependent.
The present study shows the percentage of all neutrophils to be sex-dependent and
also related to the gonad maturity stage (Fig. 10). The situation results mostly from
increased contents of immature forms of neutrophils (myelocytes, and particularly
metamyelocytes) (Table 2).
A higher percentage of neutrophils in males than in females of Coregonus
tnacrophthalmus during spawning was also observed by Cavicchioli and Zavarini ( 1977):
No changes occurred in the monocyte percentages in males and females during
spawning; however, after spawning this parameter increased in males and slightly
decreased in females. These results were different from the data reported by Cavicchioli
and Zavarini (1977) who found changes in counts of blood cells both in males and
· ··••· females during spawning.
The lymphocyte percentage was highly dependent on physiological processes occurring
· in the fish during gonad maturation and spawning. It is of interest to note a considerable
· decrease in the male lymphocyte percentage and a slight decrease of this parameter in
\·, females that took place just before spawning (Fig. l 0). Similar changes were also observed
···by Drabkina and Telkova (1949), Antipova (1954), and Cavicchioli and Zavarini (1977).
CONCLUSIONS
. The age of fish affects the carp· hematological parameters, which can be concluded
from observations of these parameters in the carp ranging in age from l to 28 months.
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The young carp peripheral blood (in the first year of life) can contain blastodermic
forms of blood cells.
The erythrocyte count and hematocrit were at the lowest in the 1-5-months-old carp,
while the highest values were recorded ·at the age of 6-16 months. The hemoglobin
content, mean corpuscle hemoglobin in an erythrocyte (MCH), and the neutrophil
(boththe developing and mature forms) percentages were lower in the younger than in
older fish.
2. Some hematological parameters of the carp varied with water temperature, e.g., the
erythrocyte count, hematocrit, and hemoglobin content, which were higher during the
summer and lower in winter.
3. The fish sex and physiological changes preceeding spawning and accompanying it exert
a marked influence on the carp hematological parameters.
Regardless of the gonad maturity stage, the erythrocyte count, hematocrit, and
hemoglobin content were higher in males than in females. On the other hand, the red
blood cell indices were higher in gemales than in males. At the reproductive stage (just
before spawning), the number of erythrocytes, hematocrit, and hemoglobin level
increased in both sexes, and a decrease in the lymphocyte percentage was observed in
males. At this time the leukocyte count in females increased, and the myelocyte and
metamyelocyte counts increased in males.
At the resting stage the leukocyte count in both sexes decreased.

REFERENCES
Agnesotti W.B., 1932: La morfologia e la genesi de! sanqui in avanotti di anquilla e di trota. - Arch.
zoo!. ital., 17: 289-321.
Antipova P.S., 1954: Sezonnye i vozrastnye izmenenija morfologiceskogo sostava krovi karpa. Voprosy ichtiologii, vyp. 2: 20-23. (in Russian)
Catton W.T., 1951: Blood cell formation in certain teleost fishes. - Blood, 6: 39-60.
Cllvicchiol.i G., Zavarini A., 1977: Observations on the morphology and seasonal variations of blood
cells in the whitefish bondella, Coregonus macrophtalmus Niissl. of lake Maggiore (North
Italy). - Monitore Zoo!. Ital., 11: 173-182.
Chlebeck A., Phillips G.L., 1969: Haematological study of two buffalofishes, Ictibus cyprinellus and I.
bubalus (Catostomidae). - J. Fish. Res. Bd Can., 26: 2881-2886.
Cernikova B.B., 1967: Pokazateli krovi u presnovodnych ryb v letneosennij period. - Obmien vestestv
i biochimija ryb. lzd. ,,Nauka" Moskva: 163-168. (in Russian)
Dacia J.V., Lewis K., 1968: Practical Haematology. Churchill. London.
Das B.C., 1965: Age-related trends in the blood chemistry an hematology of the Indian carp (Catla
catla). - Gerontol., 10: 1-5.
Dombrowski H., 1953: Untersuchungen iiber das Blut das Karpfen (Cyprinus carpio L.) und einiger
andererer Siisswasserfischarten. - Biol. Zbl., 72: 182-195.
Dorfman D., 1973: Serum protein patern of white perch. - N.Y. Game Fisch J., 20: 62-67.
Drabkina B.M., Telkova S.P., 1949: Zrelost polovych produktov u samok kubanskoj sevrugi
lejkocitarnaja formula krovi., - Trudy laboratorii osnov rybovodstva., II. (in Russian)

Variability of hematological indices

77

Duthie E., 1939: The origin, development and function of the blood cells in certain marine teleosts.
Part I. Morphology. - J. Anat., 73: 396-412.
Einszpom-Orecka T., 1970: Quantitative change in the circulating blood of tench (Tinca tinca L.) in
the annual cycle. - Pol. Arch. Hydrobiol., 17: 435-444.
Ela:ndt R., 1964: Statystyka matematyczna w zastosowaniu do doswiadczalnictwa rolniczego.
[Mathematical statistics in appliance experimental agriculture]. PWN-Warszawa.
Ellis A.E., 1976: Defence mechanism in fish. 1.A study of the phagocytic system and the fate on
intraperitioneally injected particulate material in the plaice (Pleuronectes platessa L.). - J.Fish.
Biol., 8: 67-68.
Ellis A.E., 1977: The leukocytes of fish. A review. - J. Fish Biol., 11: 435-491.
Ezzat A.A., Shaban M.G., Farghaly A.M., 1974: Studies on blood characteristics of Tilapia zilli
(Gervais). I.Blood cells. - J. Fish. Biol., 6: 1-12.
Ferguson H.W., 1975: Phagocytosic by the endocardial lining cells of theatrium of plaice (Pleuronectes
platessa). - J.Comp. Pathol., 85: 561-569.
Ferguson H.W., 1976: The ultrastructure of plaice leukocytes. - !.Fish Biol., 8: 139-142.
Field J.B., Elevehjem C.A., Juday C., 1943' A study of the blood constituents of carp an trout. - J.
biol. Cem., 148: 261-269.
Fijan N., 1961: Hemopoetska funkcija bubrega nekih vrsta slatkovodnih riba. - Biol. glasnik., 14:
167-216. (in Yugoslovian)
Fourie N., Hattingh J., 1976: A seasonal study of the haematology of carp (Cyprinus carpio L.) from a
lokality in Transvaal South Africa. - Zoo!. afr., 11: 75-80.
Fourie F., Van Vuren J.H.I., 1976: A seasonal study on the haemoglobins of carp (Cyprinus carpio L.)
and yellow fish (Barbus holubi) in south Africa. - Comp. Biochem. Physiol., 558: 523-526.
Gardner G.R., Yevich P.P., 1969: Studies on the blood morphology of three estuarie cyprinodonti
form fishes. - J. Fish. Res. Bd Can., 26: 433-447.
Glazova T.N., 1967: Fizjologia biochimiceskaja charakteristika krovi nekotorych vidov osetrovych
ryb. - Obmen vescestv i biochimija ryb. lzd. ,,Nauka" Moskva. (in Russian)
Golovina N.A., 1975: Morfologiceskij analiz kletok krovi embrionov karpa. - Sb. naucn. tr.
VNUPRcH ,,Puti povysl3. (in Russian)
Golovina N.A., 1976: K morfologii kletok krovi dvuchletnich karpov. tp. VNIIPRcH., 26. (in Russian)
Golovina N.A., 19',7: Morfologiceskij analiz kletok krovi karpa v norme i pri zabolevanijach. - Diss.
Moskva. (in Russian)
Guarnieri P., 1962: Nota sulla morfologia de! sangue del Cobitis taenia. - Boll. Zool., 29: 673-678.
Haider G., 1968: Vergleichende Untersuchungen zur Blutmorphologie und Hematopoese einiger
Teleostier. III.Beobachtungen an Leukozyten und Plasmazellen. - Zoo!. Anz., 180: 110-129.
Hattingh J., 1975: Heparin and ethylenediamine tetra-acetate as anticoagulants for fish blood. Pflligers Arch., 335: 34 7-352.
Hendricks L.J., 1952: Erythrocyte counts and haemoglobin determination for two species of suckers
genus Catostomus from Colorado. - Copeia: 265-266.
Hines R.S., Yashouv A., 1970: Differential leukocyte counts for some normal Israeli mirror
carp.-Bamidgeh., 22: 106-113.
Houston A.H., De Wilde M.A., 1972: Some obserwations upon the relationship of microhaematocrit
values to haemoglobin concentration and erythrocyte numbers in carp and brook trout. - J.
Fish. Biol., 4: 107-117.
Iuchi I., 1973: The post hatching transition of erythrocytes from the larval to adult type in rainbow
trout Salmo gairdneri irideus.-J. exp. Zool., 184: 383-396.
lvanova N.T., 1970: Materialy k morfologii krovi ryb. Diss. Rostov-na-Donu. (in Russian)
Mev V.S., 1955: 0 vlijani zimnich uslovij na krov nekotorych presnovodnych ryb. - Bjul. Mosk.
Ob-va Ispyt. Prirody Otg. Bio 1. LX: 4. (in Russian)

78

Antonina Sopinska

Jakowska S., 1956: Morphologie et nomenklature des cellues du sang des teleosteens.-Revue Hemat.,
11: 519-539.
Jordan H.E., Speidel C.C., 1924: Studies on lymphocytes. n,.The origin function and fate of the
lymphocyte in fishes. - J. Morph., 38: 539-548.
Klontz G.W., Smith L.S., 1968: Methods of using fish a biological research subjects. - Methods of
animal experimentation. 3. Academic Press, New York, London.
Klontz G.W., 1972: Haematological technique sand the immune response in rainbow trout.- Symp.
Zool. Soc. London., 30: 89-99.
Kudrjacev A.A., 1969: Gematologija zivotnych u ryb. M. Ko!os":320. (in Russian)
Lange W., 1919: Untersuchungen iiber den den Hiimoglobin gehalt, die Zahl und die Grosse der roten
Blutkorperchen.-Zool. Jahr. Abt. Alig. Zool. Physiol. Tiere. 36: 675-698.
Larsen H.N., Smeszko S.F., 1961: Comparison of various methods of determination of haemoglobin in
trout blood.- Prog. Fish Cult., 23: 8-17.
Litzbai:ski H., 1974: Der Einflus der Wassertemperatur auf das blutbild der Karpfen (Cyprinus
carpio).- Z.Binnenfischerei DDR., 21: 272-275.
Loewenthal N., 1927: Sur les v;:irietes de globules blancs du sang chez le Cyprin dore.- Arch. d'Anat.
d'Hist. et Embryologie,, VU.
Loewenthal N., 1928: Etude sur les globules blancs du sang dans la serie des vertebres. Arch. d'Ant.
d'Hist. et Embryologie., VUI.
Loewenthal N., 1930: Nouvelles observations sur les globules blancs du sang chez les animaux
vertebres.-Arch. d'Anat. d'Hist. et d'Embriologie., IX.
Mc Carthy D.H., Stevenson J.P., Roberts M.S., 1973: Some blood parameters of rainbow trout (Salmo
gairdneri).- J.Fish Biol. S: 1-9.
Memertz J., 1902: Beitrage zur vergleichenden Morphologie der farbl�sen Blutzellen.-Arch. f.path.
Anat. u.Physiol. Biol. CLXVIH:353.
MacKnight J.M., 1966: A haematological study on the mountain whitefish, Porsopiumwilliamsoni.
J.Fish. Res. Bd Can. 23: 45-64.
Murachi S., 1959: Haemoglobin content, erythrocyte sedimentiation rate and haematocrit of the
blood in the young of carp Cyprinus carpio L./.-J. Fae. Fish. Anim. Husb. Hiroshima Univ. 2:
241-247.
Nusenbaum L.M., 1951: Issledovane polovych zelez i krovi semgi v svjazi z osobennostjami ej
rozmnozenja.-Diss. Leningrad. (in Russian)
Opuszynski K., 1979: Podstawy biologii ryb. [Outlines of fish biology]. PIWRiL-Warszawa.
Pavlov V.A., Krolik B.G., 1935: Issledovanja po fizjologii krovi ryb. I. Soderfane gemoglobina i cislo
eritrocitov v krovi nekotorych presnovodnych ryb.- Tr. Borod. St. v Karelii., IX: 1. (in
Russian)
ffiszka F., 1938: Przyczynek do morfologii krwi karpia (Cyprinus carpio L.). [Contribution to the
carp blood morphology]. - Folia Morphologica, 8: 197-200.
Puckov N.V., Fedorova A.L., 1951: Issledovanje izmienja sostava krovi karpa pod vlijanern goiiodanja i
ochlazdenja. Trudy Mosrybwtuza., 4: 157-162. (in Russian)
Puckov N.V., 1962: Fizjologia ryb. [Physiology of fishes]. PWN-Warszawa.
Robertson O.H., Krupp M.A., Favour C.B., Hane S., Thomas F.T., 1961: Physiological change
occuring in the blood of the pacific salmon (Oncorhynchus tschawytscha) accompanying sexual
maturation and spawning.- Endocrynology. 68: 733-746.
Salvatorelli G., 1971: Osservazioni sopra L'ematopoesi in Anguilla anguilla.- Atti Acc. Scienze di
Ferrara., 49: 59-68.
Saunders D.C., 1966: Differential blood cell counts of 121 species of marine fishes of Puerto Rico.,
Trans. Am. microsc. Soc., 85: 427-449.
Shaw A.F.B., 1930. A direct method for counting the leukocytes, thrombocytes and erythrocytes of
bird blood.- J.Path. Bact., 33: 833-835.

Variability of hematological indices

79

Sidd iqui A.Q., Naseem S.M., 1979: The haematology of Ruhu Labeo rohita.- J. Fish Biol.,
14: 67-72.
Schlicher J., 1927: Vergleichend-physiologische Untersuchungen der Blutkoperchenzahlen bei Kno
chenfischen.-Zool. Jahr. Abt. Allg. Zoo!. Physiol. Thiere., 43 : 121-200.
Schlicher A.M., 1961 :Endocrinological and hematological studies in Fundulus heteroclitis (Linn.). Buul. Bingham oceanogr. Coll., 17: 3-35.
Smith Ch., 1930: A comparative study of total red counts of wild and liverfed trout.- Proc. Soc. Exp.
Biol. Med., 27: 670-673.
Smith G.C., Lewis W.M., Kaplon H.M., 1952: A comparative morfologie and phisiologie study of fish
blood. - Progr. Fish. Cult., 14: 196-172.
Snieszko S.F., 1960: Microhaematocrit as a tool in fishery research and management.- U.S.Fish.
Wild!. Serv. Spee. Sci. Rep-Fish. 341, 15p.
Stolz R., 1928: Ematopoesi normale nel pesci teleosti.- Haematologica Arch., IX: 419.
Summerfelt R.C., 1967: Measurement of some haematological characteristics of the goldfish.-Prog.
Fish Culr., 29: 13-20.
Svobodova Z., 1973: Influence of sex upon certain haematological indexes of the carp (Cyprinus
carpio L.) during the third vegetation period.- Acta vet. Brno., 42: 257-263.
Svobodova Z., Janecek V., 1973: The relation of body weight and body weight and body-confor
mation indices to some hematological values of carp (Cyprinus carpio L.).- Bull. VURH
Vodnany, 3: 22-24.
Topf W., 1955: Die Blutbildung und die Blutbildungsstiitten beim Karpfen (Cyprinus carpio).- Z.
Fischerei, 4: 257-288.
Van Furth R., Cohn Z.A., Hirsch J.G., Humphrey J.H,, Spector W.G., Langevoort H.L., 1972: The
mononuklear phagocytic system a new classification of macrophages, monocytes and their
preccursor cells.-Bull. Wld.Hlth.Org., 46: 845-852.
Van Vure11 J.H.J., Hattingh J., 1976: The seasonal haematology of the small-mouth yellow-fish
(Barbus holubi).- Zoo!. afr., 11: 81-86.
Van Vmen J.H.J., Hattingh J., 1978: A seasonal study of the haematology of wild freshwater fish.
J.FishBiol., 13: 305-313.
Varo M.J., 1970: Strukture of blood cells of Cyprinus carpio L,- Revue Roumaine deBiologie, serie
Zoo�gk, 15: 141-145.
Watson L..J., 1963: The haematology of goldfish Carrasius aureatus.- Cytologia, 28: 118-130.
Weiru:eb E.L., 1963: Studies on the fine structure of teleost blood cells. I.Peripheral blood. - Anat.
Ree., 147: 219-2.38.
Weinreb E.L., Weinreb S., 1969: A study of experimentally induced endocytosis in a teleost. I. Light
microscopy of perpheral blood cell response. - Zoologica N.Y., 54: 25-34.
Wertzberg A., 1911: Studien z. vergl. Hiimozytologie poikilotherm vertebraten., Fol. Hem. (Arch).,
11: 17-193.

Translated: Dr. Teresa Radziejewska

80

Antonina Sopinska
Antonina Sopinska

WPtYW CZYNNIKQW FIZJOLOGICZNYCH STRESSOWYCH I CHOROBOWYCH NA
PARAMETRY HEMATOLOGICZNE KARPIA (CYPRINUS CARPIO L.)
ZE SZCZEGDLNYM UWZGLF;DNIENIEM OBRAZU BIAtOKRWINKOWEGO
I. ZMIENNOSC WSKAZNIK6W HEMATOLOGICZNYCH KARPIA
W ZALEZNOSCI OD WIEKU I STADIUM DOJRZAtOSCI GONAD
STRESZCZENIE
Badaniami objyto 340 sztuk karpi (Cyprinus carpio L.) w wieku 1-28 miesivCY oraz 31 samic i
41 samo6w w wieku 5-6 lat.
Z analizy leukogramu okreslono prawidlowy obraz krwinek bialych oraz zmiany w tym obrazie w
z.aleinosci od pki i niekt6rych czynnik6w fizjologicznych zwiiizanych z procesami rozrodu. Wyniki
opracowano statystycznie.
Okreslajiic jakosciowy skfad krwi obwodowej karpi wyr6iniono formy blastyczne: hemocyto
blasty, myeloblasty, promyelocyty oraz rodzaje leukocyt6w: myelocyty, metamyelocyty, neutrofile
pateczkowate, neutrofile segmentowane, eozynofile, bazofile, monocyty i limfocyty.
Wiek okazd siv czynnikiem wplywaj11cym na stan wskaznik6w hematologicznych u karpia. U ryb
mfodszych (w pierwszym roku :i:ycia) w krwi obwodowej wysti,powaly formy blastyczne krwinek.
D0minuj11c11 form11 byly neutrofile, kt6rych procent wzrastal wraz z wiekiem oraz byl zawsze wyzszy
w okresie letnim. Pozostate parametry: liczba erytrocyt6w, wartosc hematokrytu, poziom hemo
globiny i MCH byly ni:i:sze u ryb mfodszych ni:i: u starszych.
Niezaleinie od stadium dojrzafosci gonad u samc6w 5-6-letnich liczba erytrocyt6w, wartosc
hematokrytu, poziom hemoglobiny, procent neutrofilii s11 wy:i:sze u samic niz u samc6w. W stadium
rozrodu (tuz przed tarlem) u obu pki wysti,puje wzrost liczby erytrocyt6w, wartosci hematokrytu i
poziomu hemoglobiny a takie u samo6w spadek procentu limfocyt6w. W okresie tym u samic
zwii,kszsza sit, liczba leukocyt6w. W okresie spoczynkowym u obu pl:ci spada liczba leukocyt6w.
Antonina SOPlNSKA
BJIHfiHHE C'l!PECCOBb!X wH3HOJIOrHqECKHX wAKTOPOB H EOJIE3HETBOPHHX
wAKTOPOB HA rEMATOJIOrHqECKHE IIAPAMETPh! KPOBH, B qACTHOCTl1
HA KAPTHHY BEJih!X KPOBHHb!X TEJIEU. 11, rEMATOJIOrH�CIOOi 3<M>EKT
C'l!PECCA Y KAPIIA

P E 3 JO M E
M aTepHaJIOM 'AXH HCCXe'AOBaHHH BXHHHHH OTXOBa Ha reMaToxorHqecKHe napaMeTphl
CJIYXHXH 40 oco6efi Kapna Kl H 40 oco6efi Kapna K2, a MaTepHaJIOM 'AXH HCCXe'AO
BaHHfi BXHHHHH TpaHcnopTa - 60 oco6efi Kapna K1 H 60 oco6efi Kapna K 2 (no 20
oco6efi 'AXH KaJ!t'AOro Meca�a HCCX0'AOB8HHH, T.e. HIDHH, HIDXH H a:srycTa). BXHH
HHe roXO'AaHHH onpe'AeXHXH c IlOMO�bID HCCXe'AOBaHHH 160 Oco6eH phl6hl.
B KPOBH HCCXe'AOBaJIH: KOXHqeCTBa 6exwc H KpaCHhlX KpOBHHhlX Texe�. reMaTOKKphlTHyID BexHqHHY, ypoBeHb reMorxo6HHa, MC , MCH, MCHC. Onpe'AeXHXH
TaKlKe
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HeftKorpBNMY, npOH3BOAHRHCb MOPWOHOrHqecKHe Ha6HJOA6HHH 6enh!X H KpacHhlX Kpo
BHHhlX Tene�. PeayHbTaThl HCCH6AOBaHHH IlOABepraJIHCb CTaTHCTHqecKOH o6pa60TKe,
3aTpy�HeHHhle YCROBHH OTROBa, HBRHBIDH6Cfl He6naronpHHTHhlM CTpeccOBhlM

TOpOM y phl6hl, Bhl3Ba.JIH yBenHqeHHe o6�eMa KpaCHhlX KPOBHHhlX TeHe�.
TaK�e reMaToKphlTHOH BenHqHHhl,

rrocneACTBHeM yBenHqeHHH aKTHBHOCTH

(MC),

waK

a

3aJIIHTHhlX

CHR qpraHH3Ma HBRH6TCH IlOBI,JlJJ6HHe KORHqecTBa R6HKO�HTOB, a Ta�e npo�eHTHOH

AORH HeHTpownnoB H 6aaowHROB,

TpaHcnopT - CHRbHOA6HCTBYIO�HH CTpeccOBhlH waKTOp IlOBRHHH Ha

KO RHqecTBa 3pHTpo�HTOB, reMaTOKphlTHOH BenHqHHhl H ypOBHH reMOrH06HHa,a TaK

�e Ha IlOBhlIDeHHe KORHqecTBa apHTpO�HTOB H npo�eHTHOH AORH HeHTPOWHROB,
6RJOAaJIO_Cb YM6Hbill6HHe npo�eHTHOH AORH 303HHOWHHHH H RHMWO�HTOB,

�HHT6R bHOe rOROAaHHe, ITPOAOH�aBmeecH .B TeqeHHe 21 H6A6 RH, Bhl3Ba.JIO

Ha-

npo

rpeccHBHYIO aHeMHIO, qTo npOHBRHROCb yMeHbill6HHeM KORHqecTBa 3pHTpO�HTOB, re
MaTOKPhlTHOH BenHqHHhl Ii YPOBHH reMorno6HHa, a T=e

aHH30�HT03 H

ITOHHXpo

Ma3HH 3pHTpO�HTOB,

ITocReACTBHeM ronoAaHHH HBRHHaCb HeHKO�HTOileHHH H RliMWOil6HHH, a Ta�e 30-

3HH0Il6HHH, B 3THX ITOCHeAHHX Tenb�ax Ha6RJOAaJiaCb QTqeT RHBaH Aerpa,n;�HH.YBe
_
RHqHBaJiaCb rrpo�eHTHaH AOHH HeHTPOWHROB H 6a30WHROB, Morna Ta�e Ha6RJOAaTbCH
AerpaA�HH HeMTPOWHHOB.
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