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Abstract
The main objective of this study is to measure the blood cell dimension of the cultured fish Cyprinus
carpio, Ctenopharyngodan idella and Hypophthalmichthys molitrix. Basic knowledge from this study is
important for hematological research, cytological studies and clinical diagnosis. Since study of blood
cells in many different species of fishes provides an interesting comparison of cell size in relation to their
activities and habits an attempt was made to study morphometric data of blood cells in Cyprinus carpio,
Ctenopharyngodan idella and Hypophthalmichthys molitrix. The fish were collected from the cultured
pond in west Godavari region of Andhra Pradesh. For the morphometrical analysis of blood cells, blood
was drawn from the caudal vein and blood smears were prepared immediately after blood was obtained
and stained with Giemsa stain. The cell size of Erythrocytes, Erythroblasts, Thrombocytes, Monocytes,
Large lymphocytes, Small lymphocytes, Neutrophils, Eosinophils and Basophils were measured
irrespective of the sex. Thrombocytes are the most abundant blood cells after erythrocytes and are
recognized easily from lymphocytes by morphological features and size The size of blood cells (Range &
Mean of long axis and short axis) was measured in micron meter (μm) for the three exotic carps. These
types of studies on different blood cells size in different species can give us information about cell size in
order to their habit and habitat and provides a numerical objectification of the most suitable
modifications that can help in research applications.
Keywords: Morphometric, morphology, cell size, Cyprinus carpio, Ctenopharyngodan idella and
Hypophthalmichthys molitrix
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1. Introduction
Morphometrical analysis of blood cells plays a major role in fish pathology. Study of blood
cells in many different species of fishes provides an interesting comparison of cell size in
relation to their activities and habits. The cytomorphological classification, staining
characteristics and cytometric studies on fish blood corpuscles in Indian fish have not received
considerable attention by earlier workers. This is because the cytometry of blood cells did not
find much use in routine clinical studies in fish. However, the erythrocyte size finds multiple
uses in ascertaining the types of anemia’s, stress and bio-physio-pathological aspects in fish,
Joshi (2000) [21].
There are few diagnostic tools available to veterinarians and fish health professionals to
evaluate disease and abnormalities in fish. Besides, data regarding blood cell characteristics
and blood cell size are limited. This study analyzes the morphometry of normal blood cells of
the selected fish species Cyprinus carpio, Ctenopharyngodan idella and Hypophthalmichthys
molitrix since morphometrical characterization of blood cells of these fish species was not well
defined and literature in this area is isolated, old and often incomplete. So, this investigation is
planned to determine the size of blood cells. Basic knowledge from this study is important for
haematological research, conservation and clinical diagnosis so this type of research might
provide some useful information for other researchers that could be used as a biomarker or as
an available tool to diagnose and monitor disease in these species. Morphometry is a
quantitative description of geometrical structures in all dimensions, Baak (1985) [3] and
Vandiest and Baak (1991) [44]. It provides a numerical objectification of the most suitable
modifications unavailable to visual estimation, and as such has clinical and research
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applications that are becoming more numerous, especially in
cytology and histopathology, Oberholzer et al., (1991) [31],
Nafe (1991) [30] and Russack (1994) [37].
Among haematological indices, blood cells are one of the best
indicators of body health. They are vitally important in the
immune system. Despite of recent interest in the immune
systems of fish species regarded as important in aquaculture,
very little attention has been devoted to the structural features
of fish blood cells. The purpose of this study was to obtain a
basic knowledge about the morphological features of the
blood cells. In the present study the three exotic carps
Cyprinus
carpio,
Ctenopharyngodan
idella
and
Hypophthalmichthys molitrix which are mostly cultured in
West Godavari district region are selected for assessment of
the morphological features of the blood cells.
2. Materials and Methods
Data of the different types of fish cultured in the West
Godavari district was collected and of the different freshwater
fish, the most widely cultured fish such as exotic carps
Cyprinus
carpio,
Ctenopharyngodan
idella
and
Hypophthalmichthys molitrix were selected irrespective of the
sex. They are collected from the different areas of the selected
mandals. Samples from each fish weighing between 460-590
gms and their total length between 21-33 cm were collected
for the present study.
The blood was collected from live fish putting it on a bed in a
tray. Fish head was covered with a damp cloth then a small
sample of whole blood was drawn from the caudal vein.
Immediately blood smears were prepared after blood was
collected in EDTA (Ethylenediaminetetraacetic Acid) vials
and stained with Giemsa stain. Blood smears, five for each
fish, were prepared as described by Humason (1979) [20]. Airdried smears were fixed for 1 minute in absolute methanol,
stained with Wright-Giemsa (WG) fluid (Ellsaesser et al.,
1984) [12] for 8 minute and washed twice in distilled water for
1 min, then they are air-dried. The stained smears were
studied under a Micro Imaging System – image capture
Computer system. The classification of fish blood corpuscles
used in the present work is after, Mahajan and Dheer (1979)
[25]
. The size of cells (range & mean of long and short axis)
were measured in the three exotic carps Cyprinus carpio,
Ctenopharyngodan idella and Hypophthalmichthys molitrix
with the help of Ocular micrometer The measurements were
made for 50 erythrocytes and 25 numbers each of
erythroblasts, thrombocytes, monocytes, large lymphocytes,
small lymphocytes, neutrophils, eosinophils and basophils.
All the statistical analysis were performed using the statistical
software Microsoft Office Excel 2007.
3. Results and Discussions
Morphometry of blood cells were measured in micron meter
(μm). The data collected from the species are presented in
table-1. Erythrocytes, erythroblasts, thrombocytes and
different types of leucocytes such as large lymphocytes, small
lymphocytes, monocytes, neutrophils, eosinophils and
basophils
were
distinguished
and
characterized.
Thrombocytes are the most abundant blood cells after
erythrocytes and are recognized easily from lymphocytes by
morphological features and size. Fish haematology is gaining
increasing importance in fish culture because of its value in
monitoring the health status of fish (Hrubec et al., 2000) [19].
Knowledge of the haematological characteristics is an
important tool that can be used as an effective and sensitive

index to monitor physiological and pathological changes in
fish (Kori-Siakpere et al., 2005) [22]. In India, Bagchi and
Ibrahim (1974) [4], Pandey et al., (1976) [32] and Goel et al.,
(1984) [15] have measured some haematological parameters in
Indian major carps and cat fishes, reared under different
rearing conditions. Suryavanshi and Chakraborty (1972) [40],
Tandon and Joshi (1975) [41] have attempted to establish the
normal blood values of fish. Vazquez and Guerrero, (2007)
[45]
described the hematological indices on Cichlasoma
dimerus and the morphological features of blood cells were
described according to the observations made by light and
electron microscopy.
In the present study Erythrocytes were the most abundant
cells in smears of the peripheral blood of all the fish species.
Two kinds of erythrocyte were found in all the fish species
blood. Under the light microscope the predominant shape of
the erythrocytes was elliptical with an oval, central or nearly
central, dark purple-stained nucleus and blue–gray-stained
cytoplasm. The surface of the cells was smooth. The other
kind of erythrocyte was the immature erythrocyte, which
could be larger or smaller than the mature variety. They were
oval to round in shape and fewer in number, and are called
erythroblasts. They had a magenta stained chromatin of
reticular appearance and a blue-stained cytoplasm, darker than
that of the mature erythrocyte. The division of the erythrocyte
could both be observed occasionally. In fish blood the
presence of erythroblasts indicates the erythrocytes of the fish
are primitive and can proliferate in peripheral blood (Fijan,
2002a) [14]. All the fish species blood contained a larger
number of mature erythrocytes than immature erythrocytes, in
direct proportion to their stage of maturity; these proportions
can therefore be used as erythropoietic activity change
indicators (Fijan, 2002b) [13]. Because erythropoiesis in fishes
can be affected by anaemia, temperature, seasonality (Lecklin
and Nikinmaa, 1998) [23], and bleeding (Fijan, 2002b) [13], this
could affect the number of circulating erythroblasts. The
erythroblasts count may be an indicator of a regenerative
response that can be modulated by anaemic processes and
environmental factors such as temperature and oxygen
availability.
Cell size varies greatly within species. Erythrocyte cell shows
highly significant difference between the species, Acharya
Gayatri and Mohanty Prafulla (2014) [1]. Gaseous exchange is
the main function of erythrocytes. The rate of gaseous
exchange is higher in smaller erythrocytes than larger one
Hartman and Lessler (1964) [17], Sevine et al., (2000) [39] The
size of erythrocyte determine the position of a species in the
evolutionary scale. The sizes of erythrocytes are larger and
possess nuclei in lower vertebrates like cyclostomes,
elasmobranches and urodeles but in higher vertebrates
(mammals) the erythrocytes are smaller and nuclei are absent
as reported by Wintrobe (1961) [48]. MCV is wet volume,
whereas the diameters of erythrocytes were measured from
dry smears and were used to calculate dry cell area as
erythrocyte size. These different measurements between
erythrocyte size and MCV should not be compared to each
other. The erythrocyte indexes MCV and MCH have a wide
range of physiological variation.
Erythrocytes expressed lower values in cytomorphometry
compare to leukocytes. The present investigation reveals
significant difference in morphometry of blood cell between
the species. Only one type of blood cell, erythrocyte shows
difference in each fish. This may be due to change in
environment, habitat or due to sexual dimorphism. The cells
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under light microscope appeared as seen in typical blood
differential leukocytes count slide except mild variation in
their sizes. Under these observations, the leukocytes
recognized are neutrophils, basophiles and eosinophils in
granulocytes while large and small lymphocytes and
monocytes. Smaller numbers of leucocytes were distributed
diffusely among the dense erythrocytes, either singly or as
clumps. Rao and Behera (1973) [34] reported mean values of
the RBC size (long axis X short axis) as 9.00 x 7.00 μm in
Catla calta, whereas Qayyum and Naseem (1967) [33] reported
the mean value of the RBC size (long axis x short axis) as
12.60 x 6.90 μm in Cirrhinus mrigala which are slightly
lower in long axis and higher value for the short axis (11.12 x
9.51 μm).
Thrombocytes appeared as round, oval, spikeshaped, or
fusiform cells. The oval and spike shaped thrombocytes were
frequently observed. They occurred as single cells or in
clusters and had a large central dark purple- stained nucleus
with chromatin clusters which were more abundant in the
spike-shaped and fusiform thrombocytes. There was little blue
gray stained cytoplasm surrounding the nucleus. The
thrombocytes of fish are not the same as those of mammals.
In fish, they often have intact cell structures and, in addition
to a role in blood coagulation, phagocytosis has been
reported. This phagocytosis is doubted by Ellis (1976) [11].
Although fish blood thrombocytes have been described as the
most abundant blood cells after erythrocytes, very little is
known about their morphological features and functional
properties (Rowley et al., 1988) [36], the data available on the
percentage of thrombocytes in fish peripheral blood being
very confused. Different reports have suggested they account
for 70% and 3–13% of total blood leukocyte count, whereas
Catton (1951) [8] observed no thrombocytes in Perca
fluviatilis blood. In different fish species round, oval, spindle,
and spike forms have also been described (Doggett and
Harris, 1989; Lo´pez-Ruiz et al., 1992) [10, 24]. When smearing
is carried out too slowly, or the blood is allowed to partially
clot before smearing, then the thrombocytes are often seen in
aggregates displaying a ragged appearance. When the blood is
collected in a suitable anticoagulant such as sodium citrate or
heparin, however, the thrombocytes appear oval or spindle
shaped, and this is presumably their normal in vivo
appearance (Rowley et al., 1988) [36].
Fish monocytes are large cells with a large nucleus,
occupying one third of the cell. The cytoplasm contains small
scattered bluish granules. Monocytes are phagocytic in
function. In monocytes the nucleus stained dark blue and
usually ovoid, kidney-shaped, or horseshoe-shape. The term
monocyte/macrophage is widely used to refer to a fish blood
cell type (Savage, 1983) [38] with phagocytic activity (Morrow
and Pulsford 1980) [29] or morphophysiological features
comparable with those of the monocytes of higher vertebrates
(Rowley et al., 1988) [36]. Monocytes have been reported to be
present in many fish species. It has, however, been reported
that monocytes are absent from the blood of brown trout
Salmo trutta (Blaxhall and Daisley, 1973) [5] and goldfish
Carassius auratus (Weinreb and Weinreb, 1969) [47].
In some work the lymphocytes have been classified into large
and small groups, Zhou et al., (2002) [50]. Barber et al., (1981)
however, remarked that lymphocyte volumes changed
continuously and there was no evidence that the function of a
lymphocyte was related to its volume. Roubal (1986) [35] and
Yuan et al., (1998) [49] described lymphocytes as one group.
In the present study two different types of lymphocytes were

identified as large and small lymphocytes based on the size
which was evident. Lymphocytes are usually the most
common leucocyte type present in the blood of some fish,
accounting for as much as 85% of the total leucocyte
population, excluding thrombocytes (Groff and Zinkl, 1999)
[16]
. Fish lymphocytes are small round cells and a rim of
smooth light blue cytoplasm around the large oval-round
condensed nucleus or slightly irregular nucleus was heavily
stained purple. The size of the cells varied. They are generally
classified as small or large Campbell and Murru, (1990) [6]. In
the smaller lymphocytes the nucleus occupied most of the
space in the cells whereas the large lymphocytes had more
cytoplasm which, sometimes, is seen extended into
pseudopodia or apophysis on its surface. Lymphocytes were
oval and had a round purple-stained nucleus and a very dark
blue-stained cytoplasm. The lymphocytes observed in our
study took the general form reported by other workers and
were morphologically similar their mammalian counterparts.
According to Campbell (2004) [7], it is probable that the low
density conditions and optimal water quality resulted in a
healthy situation that inhibited the lymphocytosis produced
during wound healing, inflammatory disease, parasitic
infections and viral diseases. The lymphocytes of some fish,
especially elasmobranch species shows “blebs” or out
pocketing of the cell membrane Arnold (2005) [2], Clauss et
al., (2008) [9]. Several authors have demonstrated a special
interest in the leucocytes of teleost fishes with regard to their
morphology and absolute values. Their investigations
revealed a great diversity of morphological aspects in some
types of leucocytes (Blaxhall and Daisley, 1973; Ellis, 1976;
Ueda et al., 1997; Veiga, 1999) [5, 11, 43, 46]. In addition, the
same type of leucocyte has been described with different
names by different authors. Therefore the nomenclature
concerning teleost leucocytes is confusing (Ueda et al., 2001)
[42]
.
Available information about fish blood granulocytes is very
confusing (Rowley et al., 1988) [36]. It is assumed that the
three types of granulocyte described in higher vertebrates
(heterophilic/neutrophilic, acidophilic, and basophilic) are
also present in fish (Doggett and Harris, 1989; Meseguer et
al., 1990) [10], although sometimes more than three
(Mainwaring and Rowley, 1985a, b) [27, 26], or only one or two
(Savage, 1983) [38] circulating types of granulocyte have been
described for some fish species. In our study we found three
kinds of granulocyte—neutrophils, eosinophils and basophils.
The neutrophils were of several sizes, but usually larger than
erythrocytes in volume, and of several shapes, for example
spherical, pear-shaped, or irregular ellipse. The nucleus
stained purple, usually ovoid and eccentric, with pale blue
cytoplasm that may be extended into a blunt ended
pseudopodium. Occasionally the nucleus may be observed as
a ribbon-like structure across the diameter of the cell—
horseshoe-shaped, band-shaped, two-segmented in shape, or
several-segmented in shape and centrally or eccentrically
located. The nucleus-to-cytoplasm ratio of granulocytes was
smaller than that of monocytes and lymphocytes. The
cytoplasm was stained light blue and the nucleus was also
stained lighter than that of the monocyte and lymphocyte. The
eosinophil was observed only rarely in the peripheral blood,
being round or nearly round. There were large bilobed,
trilobed, and tetralobed, eccentric nuclei stained dark purple
in the cell. The cytoplasm was light red and full of large,
spherical, bright red stained granules. The difference may be
specific to the species or the biogeography of the fish
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leucocytes. It is difficult to classify the leukocytes of fish. In
addition to the numerous species of fish, the basis or
standards of classification are not the same in different

studies. Leukocytes at different stages of development occur
in fish blood and they are difficult to identify (Hibiya, 1983)
[18]
.

Table 1: The size of cells (Range & Mean of long axis and short axis) measured in micron meter (μm) for the three exotic carps
Cell type

Cyprinus carpio
Ctenopharyngodon idella
8.75-12.25 x 7-10.50
7.70-11.90 x 3.50-9.80
Erythrocytes*
(10.21 x 9.22)
(8.60 x 6.20)
9.10-12.75 x 8.75-11.25
9.10-11.90 x 7.00-9.41
Erythroblasts*
(12.01 x 10;05)
(10.08 x 9.20)
3.50-5.60 x 3.50-4.90
4.20-6.30 x 3.10-3.90
Thrombocytes#
(5.08 x 4.15)
(5.60 x 3.50)
11.90-12.60 x10.85-12.25
8.75-10.85 x 7.00-9.80
Monocytes#
(12.20 x 11.19)
(10.02 x 9.61
11.50-12.96 x 11.00-12.25
5.60-10.60 x 5.15-8.75
Large lymphocytes#
(12.60 x 11.85)
(9.10 x 8.01)
5.60-5.95 x 3.50-5.60
3.50-5.95 x 3.00-5.60
Small lymphocytes#
(5.91 x 4.12)
(5.13 x 4.02)
11.2-12.6 x 9-12.25
7.00-10.15 x 7.00-9.80
Neutrophils#
(11.55 x 10. 20)
(9.2 x 8.69)
9.80-11.95 x 9.45-11.20
5.95-9.45 x 5.60-7.70
Eosinophils#
(11.62 x 10.15)
(8.10 x 7.20)
9.10-10.50 x 8.75-10.15
10.20-11.95 x 9.10-11.20
Basophils#
(10.15 x 9.80)
(10.6 x 9.20)
* n=50 and #n=25 measurements for each type of cell.
All the statistical analysis was performed using the statistical software Microsoft Office Excel 2007.

4. Conclusions
The different cell morphology studied in the selected
freshwater fish species in the present study exhibited different
sizes in cell structure among the species. These types of
studies on different blood cells size in different species can
give us information about cell size in order to their habit and
habitat and provides a numerical objectification of the most
suitable modifications that can help in research applications in
cytological and histopathological studies.
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