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Abstract The present work focused on the histo-

logical and ultrastructural studies on haemopoiesis in

the kidney of tilapia, Oreochromis niloticus. Haemo-

poietic tissue was found mainly in the head kidney

and a small amount occurred in the mesonephros. The

haemopoiesis of tilapia had the following series:

erythropoiesis, granulopoiesis, thrombopoiesis, mo-

nopoiesis and lymphoplasmopoiesis. Erythropoiesis

includes proerythroblasts, basophilic erythroblasts,

polychromatic erythroblasts, acidophilic erythroblasts

and young and mature erythrocytes. The proerythro-

blasts were the largest cells in the erythropoietic

series. During the maturation process both the nuclear

and cellular size decreased gradually due to the

chromatin condensation and the progressive substi-

tution of cytoplasmic matrix with a large amount of

haemoglobin. Granulopoietic series consisted of cells

with variable shape and size at different stages of

maturity from myeloblasts to mature granulocytes.

The promyelocytes were the largest cells in the

series and were characterised by the appearance of

primary (azoruphilic) granules. The maturation

process involved the appearance of specific granules

in the heterophilic, eosinophilic and basophilic series.

It is important to mention that eosinophilic granulo-

cytes were the dominant granulopoietic series in the

haemopoietic tissue (Ht) of tilapia. Lymphopoietic

series consisted of lymphoblasts, large lympho-

cytes, small lymphocytes and active and inactive

plasma cells. Thrombopoietic series consisted of

thromboblasts, prothromboblasts and thrombocytes.

Thrombocytes of tilapia were nucleated and pos-

sessed a spindle shape. Melanomacrophage centres

were dominant among the Ht of the head kidney.

Also, monocytes were detected and shown to be large

cells with an indented nucleus and cytoplasm

containing numerous vesicles of different sizes and

a few lysosomes.
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Introduction

Although some differences are present, haemopoietic

tissue (Ht) is considered to be the origin of blood

elements in higher vertebrates and fish (Savage 1983;

Meseguer et al. 1990; Zapata et al. 2006). In higher

vertebrates the red blood cells, the white blood cells

(granular and agranular) and lymphocytes originate

E.-S. H. Abdel-Aziz � T. E.-S. Ali (&)

Oceanography Department, Faculty of Science,

Alexandria University, Alexandria, Egypt

e-mail: tameraly@yahoo.com

S. B. S. Abdu � H. F. Fouad

Zoology Department, Girls College of Education, Jeddah,

Saudi Arabia

123

Fish Physiol Biochem (2010) 36:323–336

DOI 10.1007/s10695-008-9297-z



from a common progenitor, the stem cell, which

gives two components: one of them gives the

elements consisting of the erythrocytes and myeloid

lineage and megakaryocytes, and the other gives the

elements consisting of the lymphoid lineage. Thus,

the haemopoietic tissue could consist of the elements

of the erythropoietic, myelopoietic, or lymphopoietic

series, or all of them depending on the original cells

(Majeti et al. 2007).

Head kidney (HK, or pronephros) in fish is a basic

organ forming the blood elements (Willett et al.

1999; Rombout et al. 2005). The activity of the blood

elements formation differs among teleost fish; it can

be organ-forming erythroid lineages only in some

fish, or all types of organ-forming blood cells in other

fish (Meseguer et al. 1990; Willett et al. 1999;

Esteban et al. 2000; Stephens et al. 2004).

Previous histological studies have been concerned

with determining the haemopoietic tissue and the

series of haemopoiesis in different teleosts. Boomker

(1979) mentioned that the kidney (pronephros and

mesonephros) and the spleen in Clarias garipinus and

Sarothrodon mossambicus are the main organs

forming blood, while the peritoneum membrane has

a secondary function in this formation. Boomker

(1981) also showed that the cells forming the

erythroid and granuloid lineage are mostly found in

mesonephros, while thrombocytes and monocytes are

formed in pronephros and spleen.

Groman (1982) showed that the HK of marine

striped bass contains haemopoietic tissue and a few

urinary tubules. The haemopoietic tissue contains

erythropoietic and granulopoietic series, lymphocytes

and phagocytes. Zuasti and Ferrer (1989) were able to

determine the erythropoietic series in the HK of

Sparus aurata and showed the structural changes that

take place during the maturation process, including

the increase in the chromatin content of the nucleus

and the gradual decrease in the cytoplasmic organ-

elles and haemoglobin formation. The study by

Esteban et al. (1989) showed an overlap between

the erythropoiesis and thrombopoiesis in marine sea

bass Dicentrarchus labrax. The granulopoiesis of

D. labrax consists of promyelocytes, myelocytes,

metamyelocytes and the mature cells of heterophils,

eosinophils and basophils, and there are three types of

heterophils (Meseguer et al. 1990).

Romano et al. (2002) studied the histology of the

HK in two Antarctic fish and observed a difference in

the shape of erythrocytes, growing granular and

lymphatic cells, and this is considered an adaptation

to the function of the HK at low temperatures, as it is

a basic immune organ.

Studies of fish blood cells published to date have

presented numerous problems deriving from both the

nomenclature and the techniques used. A combina-

tion of quantitative and morphological methods is

needed and this could be done by flow cytometry and

then microscopically. The combined use of flow

cytometry and electron microscopy makes it possible

to characterise the different cell types and to monitor

changes in blood cell populations. Flow cytometry

proved to be a rapid and reliable method for

monitoring cell population dynamics in the blood of

different fish species (Esteban et al. 2000; Morgan

et al. 2005).

Owing to the incomplete picture of the haemopoi-

etic series in the Ht of fish, the present work aims to

clarify as far as possible the complete series of

haemopoiesis in the HK of one of the important

economic fish, Nile tilapia (Oreochromis niloticus),

using histological and ultrastructural studies.

Materials and methods

Fish samples of adult Nile tilapia, O. niloticus

(ranging from 120 to 625 g, n = 30) were collected

alive from a commercial fish farm, sacrificed by a

sharp blow to the head and then dissected. For optical

microscopy samples preparation, kidney were pre-

fixed in situ for 5–10 min in 10% neutral formalin or

Bouin’s fluid, then removed from the body and cut

into small pieces, refixed for 24 h, dehydrated

through a graded series of ethanol, embedded in

paraffin and cut into 3- to 5-lm pieces. Histological

sections were stained using haematoxylin and eosin.

For transmission electron microscopy, the small

pieces of HK were excised and immersed in 4%

gluteraldhyde buffered at pH 7.2 with sodium caco-

dylate at 4�C for 3 h and postfixed in 1% osmium

tetraoxide buffered at pH 7.4 with cacodylate at 4�C

for 2 h and embedded in Epon. Semithin sections

(0.5 mm) were stained with toludine blue and exam-

ined by binocular microscopy. Ultrathin sections

were stained with lead citrate and uranyl acetate

(Hayat 1989) and examined with electron microscopy

(Jeol Jem-100c 9 II).
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Results

The kidney of adult tilapia O. niloticus comprised the

extra coelomic HK in the pharyngeal region and the

trunk kidney (TK, or mesonephros) extending along

the trunk region of the body. It was clear from the

general histological examination that the HK of adult

O. niloticus was mostly formed of haemopoietic

tissue (Ht) and adrenal homology occupied the

extravascular space and remnant of kidney tubules.

In addition to numerous melanomacrophages centres

(MMC), there were cells with eccentric nuclei and

yellow brown granules in cytoplasm (Fig. 1).

The trunk kidney consists mainly of excretory

tissue with a little scattered lymphoid tissue charac-

terised by eccentric nuclei and with dark yellow

granules.

Haemopoiesis

Ultrastructural observation detected the following

haemopoietic series, erythropoiesis; granulopoiesis;

Fig. 1 Light micrographs

of the cross sections of the

head kidney in Oreochromis
niloticus. a Head kidney:

note the haemopoietic tissue

(Ht), blood vessel (BV),

kidney tubules (T) and

sinusoids (s) (H&E, 9160).

b Haemopoietic tissue in

the head kidney: showing

developing blood cells

around sinusoids (s) and

melanomacrophage centres

(MMCs) (H&E, 9250). c
Inter-renal tissue around

blood vessels (BV) and

haemopoietic tissue with

scattered numerous mature

acidophils (H&E, 9250. d
Haemopoiesis in the HK: s
sinusoids loaded with

RBCs, E erythropoiesis, G
granulopoiesis, B blast cell

(toludine blue, 91,000
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lymphoplasmapoiesis and thrombopoiesis in the Ht in

HK of tilapia.

Erythropoiesis

The erythroid series consisted of proerythroblast

(Fig. 2a), basophilic erythroblast (Fig. 2b), polychro-

matic erythroblast (Fig. 2c), acidophilic erythroblast

(Fig. 2d), erythrocytes (young and mature; Fig. 2d)

and senile or atretic red blood cells (RBCs). The

maturation process mainly involved a gradual

decrease in both nuclear and cellular sizes with

condensation of the nuclear chromatin, accumulation

of ribosomes in rosettes and progressive substitution

of cytoplasmic matrix with haemoglobin. A periph-

eral band of microtubules was almost seen in the

stages of erythropoiesis.

Granulopoiesis

The granulopoietic seris of tilapia consisted of cells

of variable shapes and sizes at different stages of

maturity. These are myeloblasts (Fig. 3a), promyel-

ocytes (Fig. 3b), myelocytes (eosinphilic (Fig. 3c, d),

Fig. 2 Electron micrographs of developing erythrocytes

(erythropoiesis) illustrating progressive reduction in cell size

and cytoplasmic organelles, condensation of nuclear chromatin

and cytoplasmic homogeneity with haemoglobin formation. a
Proerythroblast has large spherical euchromatic nucleus with

finely granulated chromatin and one large nucleolus (Nu) with

reticular nucleolema and cytoplasm with numerous free

ribosomes (R) with dense matrix and disorganised cristae,

Golgi complexes (G) and small vacuoles (V) (98,000). b
Basophilic erythroblast: ovoid cell with cytoplasm loaded with

free clustered ribosomes (R), large mitochondria (m), rER

cisternae and oval nucleus (N) with marginal chromatin

condensation (98,000). c Polychromatic erythroblast (P):

elongated cell with a dense nucleus (N), containing hetero-

chromatin in coarse blocks and a dense ring around the edge,

nearly homogeneous cytoplasm with plenty of polyribosomes

(arrow) and acidophilic erythroblast (A), scattered ribosomes

(R) in rosettes, deformed mitochondria (m) and atrophoid

nucleus. G granulocyte (98,000). d Groups of young and

mature erythrocytes. Note acidophilic erythroblast (A), young

erythrocytes (YE) with homogeneous cytoplasm and remnant

of ribosomal rosettes. Mature erythrocytes (ME) have an oval

shape and homogeneous cytoplasm nearly devoid of organ-

elles. Heterochromatic nucleus (N) (98,000)
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heterophilic (Fig. 4a) and basophilic (Fig. 4c), three

types of metamyelocytes (eosinophils; Fig. 3d; baso-

phils; Fig. 4d; and heterophils) and mature granulo-

cytes (Figs. 3, 4).

Myeloblast is the first morphologically identifiable

granulocyte lineage and is characterised by a volumi-

nous nucleus with numerous nucleoli and basophilic

cytoplasm with free ribosomes, a few strands of rER

and marginal pinocytotic vesicles (Fig. 3a). Promyel-

ocytes are the largest cells of the granulopoietic series

and are characterised by a central euchromatic

nucleus with a prominent nucleolus and cytoplasm

with plenty of cytoplasmic organelles (polyribosomes,

rER, mitochondria and Golgi complex) with the

appearance of primary organelles (Fig. 3b).

Maturation and differentiation of granulocytes

were formed by a reduction in cell and nuclear size,

nuclear condensation and lobulation and the appear-

ance of secondary (specific) granules with a gradual

increase in their number in mature granulocytes

(eosinophils, basophils and heterophils; Fig. 3c, d, 4).

It is interesting to mention that the developing and

mature eosinophils were the dominant granulopoietic

series in the Ht of O. niloticus (Fig. 1c).

Thrombopoiesis

Thrombopoiesis in the HK of O. niloticus and

includes thromboblast (Fig. 5a), prothrombocytes

(Fig. 5b) and thrombocytes (Fig. 5c).

Fig. 3 Electron micrographs of granulopoiesis in the haemo-

poietic tissue of the head kidney of Oreochromis niloticus. a
Myeloblast: note the voluminous euchromatic nucleus, which

contained 2–4 nucleoli (Nu). The cytoplasm characterised by

scattered free ribosomes (R), rER strands and pinocytotic

vesicles (V) (98,000). b Promyelocytes: the largest cells in the

granulopoietic series. Large euchromatic nucleus with prom-

inent nucleolus (Nu), cytoplasm with numerous polyribosomes

(arrow), mitochondria (m), primary granules (PG), rER and

vesicles (V) (98,000). c Eosinophilic myelocyte: with an oval

band nucleus (N), mitochondria (m), polyribosomes, rER, small

vesicles (v), primary granules (PG) and specific granules (SG)

with light axial crystalloid core (98,000). d Eosinophilic meta-

myelocyte: note the numerous heterogenic granules, some with

crystalline core (CC), predominant rER and bilobed nucleus

(N) (98,000). Inset: clarifies heterogeneous granules

(914,000)
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The maturation process includes cell and nuclear

elongation development of a surface canalicular

system (SCCS) and coated granules in prothrombo-

cytes (Fig. 5b, c) and thrombocytes (Fig. 5c).

A marginal bundle of microtubules was clearly

detected in thrombopoietic series and adult

thrombocytes.

Lymphoplasmopoietic series

In the lymphopoietic series we can distinguish lym-

phoblasts (Fig. 6a), large lymphocytes (Fig. 6b), small

lymphocytes (Fig. 6c) and plasma cells (Fig. 6d).

Lymphoblast is a large round cell with a volumi-

nous nucleus with finely granular chromatin and

prominent nucleoli\ with scarce cytoplasm with free

ribosomes, vesicles and a few large mitochondria

(Fig. 6a). Lymphocytes characterised by nucleus

have large blocks of heterochromatin and an ill-

defined nucleolus with cytoplasm with numerous

microvilli (Fig. 6c).

Macrophage and melanomacrophage centres

Light microscopy observations showed that numer-

ous macrophages could be found as free macrophages

or in aggregates as melanomacrophage centres

Fig. 4 Electron micrographs of granulopoiesis in the haemo-

poietic tissue of the head kidney of Oreochromis niloticus.

a Heterophil myelocyte: nucleus with prominent nucleolus

(Nu), cytoplasm with small primary granules and large

dark homogeneous specific granules (G), mitochondria (m),

rough endoplasmic granules (rER). M Macrophage (98,000).

b Neutrophil (heterophil): round cell with bilobed (constricted)

nucleus (N) and homogeneously dense specific granules (g).m
mitochondria, G Golgi (98,000). c Basophilic myelocyte: with

numerous large granules (g), developed cisternae of rER

(arrow), numerous free ribosomes (R), large oval nucleus (N)

with heterochromatin blocks. m mitochondria (914,000). d
Basophilic metamyelocyte: an elongated cell with an irregular

surface with elongated bend nucleus (N) and condensed

marginal heterochromatin. The cytoplasm contained few large

mitochondria, lamellated cisternae of rER and numerous

granules (g) variable in electron density. (98,000). Inset:
showing the fibrillary content of specific granules. (914,000)
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(MMCs) in the head and trunk kidney of tilapia

(Fig. 1b).

Ultrastructural examination revealed that MMCs

consisted of irregularly shaped cells with pseudopo-

dia-like extension, eccentric nucleoli and cytoplasm

with heterogeneous populations (lysosomes, phago-

somes, myelin figures, senile RBCs or plenty of

melanine granules of variable size and electron

density (Fig. 7a–d). These MMC cells were sur-

rounded by a thin capsule of fibroblast (Fig. 7a).

Monocytes

Light microscopy observations demonstrate that a

small number of monocytes were shown. Monocytes

are large rounded cells with an irregular outline of

thin microvilli.

Discussion

The teleost HK has been considered a haemopoietic

organ similar to the bone marrow of higher verte-

brates and has also been described as a primitive

system (Tomonaga et al. 1973).

As in most teleosts, the HK of tilapia O. niloticus

lies outside the peritoneal cavity close to the

pericardium in a location similar to the embryonic

pronephros and is not merely connected to the trunk

kidney. The parenchyma of the HK is composed

Fig. 5 Electron micrographs showing thrombopoiesis in the

head kidney of Oreochromis niloticus. a Thromboplast: note

the euchromatic nucleus with a prominent nucleolus (Nu),

marginal band of microtubules (mt), polyribosomes (R),

pseudopodia (P) and vesicles (v) (910,000). b Prothrombo-

cyte: irregular-shaped cell with surface-connected canalicular

system (SCCS), large granules (G) with homogeneous or

fibrillary content, rER cisternae (arrow), large and irregularly

shaped nucleus (N) and marginal microtubules (mt) (910,000).

c Thrombocyte (B): spindle-shaped cell with large oval

heterochromatic nucleus, homogeneous cytoplasm with med-

ium electron density containing scattered mitochondria.

Prothrombocyte (A): irregularly shaped cell contains large

euchromatic elongated nucleus (N), numerous vesicles through

the cytoplasm (arrow), Golgi complex (G) and numerous small

mitochondria (m) (910,000)
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mainly of haemopoietic tissue in addition to adrenal

homology (inter-renal tissue and chromaffin cells)

and a few remnants of tubular segments with no

glomeruli. On the other hand, in Clarias gariepinus

the HK contained only lymphoid tissue and inter-

renal tissue localised in paired organs, situated

retroperitoneally anterior to the kidney (Vermeulen

et al. 1995).

Ultrastructural examination revealed that haemo-

poietic tissue in the kidney of O. niloticus includes

erythropoietic, myelopoietic, lympho-plasmopoietic

and thrombopoietic series like that of other species of

teleosts (Zuasti and Ferrer 1988; Belosevic et al.

2006). The presence of MMCs can also be observed

(Oguri 1976; Agius 1980; Zuasti et al. 1986, 1989).

The blood cells develop extravascularly and inter-

mingled, unlike in mammals in which erythropoiesis

occurs in clusters near the sinusoids while granulo-

poiesis takes place in other areas (Weiss and Chen

1975; Weiss 1988).

In the present study, erythropoiesis is produced

continuously in the HK of O. niloticus and com-

prises proerythroblasts, basophilic erythroblasts,

polychromatic erythroblasts and erythrocytes. The

nomenclature that we have adopted for the different

stages is recommended by Klontz (1972) and accepted

by Savage (1983). The basic cytological changes that

occur during maturation of the erythropoietic series

Fig. 6 Electron micrographs showing lymphoplasmopoiesis in

the head kidney of Oreochromis niloticus. a Lymphoblast:

round cells with voluminous nucleus (N) with finely granular

chromatin, prominent nucleoli, cytoplasm with a few large

mitochondria (m) and free ribosomes (R). L lysosome

(910,000). b Large lymphocyte: the cell had a irregular

outline with a large central nucleus (N) containing large blocks

of heterochromatin and a moderate amount of cytoplasm filled

with numerous ribosomes (R), a few mitochondria (m) and

scattered vesicles and vacuoles (98,000). c Small lymphocyte:

irregularly shaped cells with radially arranged chromatin

blocks in large nucleus (N) and cytoplasm with scattered free

ribosomes (R), vacuoles (V) and numerous microvilli. Plasma

membrane exhibits numerous short microvilli (mv) (910,000).

d Plasma cell: note the eccentric nucleus (N) with chromatin

blocks and cytoplasm with abundant dilated rER, mitochondria

(m) and paranuclear expanded Golgi complex (G) (910,000)
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are reduction of cell size, heterochromatinisation of

the nucleus and reduction of the cytoplasmic organ-

elles with the progressive substitution of hemoglobin.

These changes are similar to those described in other

species of teleosts (Zapata 1980; Zuasti and Ferrer

1988, 1989; Esteban et al. 1989) and the maturation

process terminates in the formation of oval nucleated

erythrocytes in the blood vessels, as was reported by

Romestand and Trilles (1984) and Esteban et al.

(1989).

The ribosome content of vertebrate erythroid cells

provides a good index of the degree of cellular maturity

(Tooze and Davies 1976; Yamamoto and Iuchi 1976)

and the occurrence of the polyribosomes is considered

to be directly related to the synthetic activity of

haemoglobin (Majeti et al. 2007). A progressive

decrease in ribosomes and their association in polyri-

bosomes was found from proerythroblasts to the young

erythrocyte stage in the erythropoiesis of the species

studied, which suggests a high synthetic activity from

the early erythropoietic stages, but this is no longer

retained in the late maturation stages.

As reported in the present study, previous studies

revealed the presence of peripheral bands of micro-

tubules in the immature stages of the erythropoiesis

in other species such as Myxine glutinosa (Mattisson

and Fange 1977); sea bass (Esteban et al. 1989);

Oncorhynchus mykiss (Yamamoto and Iuchi 1976)

Fig. 7 Electron micrographs of melanomacrophage centres

and macrophages in the haemopoietic tissue (Ht) of the head

kidney of Oreochromis niloticus. a Melanomacrophage centre:

surrounded by a thin layer of connective tissue capsule

(arrow). It contains numerous melanomacrophage cells with

melanin granules and heterogeneous cytoplasmic contents

(91,400). b Melanomacrophage cell: note the irregular surface

with pseudopodial processes (Pp), nucleus (N), melanin

granules (MG), rER (arrow) and vesicles (v) (910,000). c
Erythrophagoytosis: note the engulfed senile or atretic (RBCs)

by macrophage. Large eccentric nucleus (N), phagocytic

vacuoles (v), residual bodies (r) in the macrophage (95,000).

d Macrophage cell: note the macrophage with euchromatic

eccentric nucleus (N) and cytoplasm filled with phagolyso-

somes (PL), Golgi complex (G), pseudopodial processes (Pp)

and ribosomes (R)
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that are comparable to the marginal band of micro-

tubules characteristic of erythrocytes (Esteban et al.

1989), which is probably involved in the maintenance

of the cellular shape and in intracellular transport, as

has been suggested for other vertebrates (Majeti et al.

2007).

It is interesting to mention that deformed erythro-

cytes, which take the form of large spheroid cells

with karyolytic nuclei (spherocytosis) were observed

engulfed by macrophages in the MMCs.

The thrombocytes of fish should not be considered

as the platelets of the higher vertebrates because they

are true cells (Cannon et al. 1980; Savage 1983;

Hightower et al. 1984). Thrombocytes have been

described in goldfish by Weinreb (1963) as cells with

dense chromatin and morphologically similar to

lymphocytes. In tilapia, O. niloticus the thrombo-

cytes are clearly differentiated from lymphocytes by

their spindle shape, clear vacuoles, marginal micro-

tubules and the electron-dense granules in the

cytoplasm. These cells are similar to those described

in other species of fish (Ferguson 1976; Daimon et al.

1979; Morrow and Pulsford 1980; Barber and Wes-

terman 1981; Zuasti and Ferrer 1988). Following the

erythrocytes, the thrombocytes are the most numer-

ous cell type in fish blood (Murray 1984). However,

its morphology and function in the teleosts have been

studied little compared with erythrocytes and leuko-

cytes (Zapata 1980). The structure and the origin of

the teleost thrombocytes and mammalian blood

platelets are quite different and thus may reflect

evolutionary differences (Daimon et al. 1979).

Only one maturation stage has been described from

blast cells to adult thrombocytes and has been termed

the prothrombocyte (Romestand and Trilles 1984).

Esteban et al. (1989) found that thrombopoiesis in the

HK of sea bass consists of immature prothrombocytes,

mature prothrombocytes and thrombocytes, and that

the maturation process is associated with an increase

in the nuclear and cytoplasmic electron density, a

progressive and marked development of the SCCS,

peripheral vesicles and coated granules, as reported in

the present study.

Ultrastructural descriptions of granulopoiesis in

fish are scarce, their nomenclature and characterisa-

tion being unclear (Zapata 1979; Savage 1983; Zuasti

and Ferrer 1988). Granulopoietic stages have been

characterised by the size, structure and staining

properties of the cells in some teleost species (Bielek

1981), whilst some morphological similarities

between mature and immature cells have been

considered in others (Savage 1983; Zuasti and Ferrer

1988). Meseguer et al. (1990) name promyelocytes

the first cell type with granules, whereas a new

granule population characterises the myelocytes.

Metamyelocytes and mature granulocytes are estab-

lished according to granule density, the number of

nuclear lobes and the presence of specific granules, as

was reported in the present study and for other

vertebrates (Curtis et al. 1979; Brederoo et al. 1986).

In the present study, the granulopoiesis in the HK

of tilapia includes heterophilic (neutrophilic), eosin-

ophilic and basophilic series, as described in other

teleosts (Zapata 1979; Meseguer et al. 1990),

although more than three granulocyte types have

been described (Morrow and Pulsford 1980; Main-

waring and Rowley 1985; Parish et al. 1985, 1986)

and one or two granulopoietic series have frequently

been found (Barber and Westerman 1981; Hyder

et al. 1983; Savage 1983; Hofte et al. 1984; Bayne

1986).

The ultrastructural feature of heterophilic myelo-

cytes and metamyelocytes have only been reported in

a few teleost species (Zapata 1979; Bielek 1981;

Savage 1983; Zuasti and Ferrer 1988) being noticeable

by rER and the electron-dense granules with fibrillary

or crystalline inclusions (Zapata 1979; Bielek 1980,

1981; Cannon et al. 1980; Zuasti and Ferrer 1988). On

the contrary, heterophilic myelocytes and metamyel-

ocytes show indented nuclei and electron-dense

homogeneous granules of variable size.

The O. niloticus heterophils display a similar

ultrastructure to that formed in heterophilic granulo-

cytes in other teleosts (Cannon et al. 1980; Savage

1983; Meseguer et al. 1990). In salmonids and sea

bass the heterochromatic nucleus shows two or three

lobes (Bielek 1980; Meseguer et al. 1990), whilst a

round or indented nucleus was present in cyprinids

(Bielek 1981), sea bream (Zuasti and Ferrer 1988)

and in the tilapia of the present study.

Three types of granule are recorded in some teleosts

such as in mature neutrophils (Meseguer et al. 1991)

in sea bass, whilst one or two granular types have been

found in other teleosts (Cannon et al. 1980; Bielek

1980, 1981; Cenini 1984; Zuasti and Ferrer 1988),

similar to what has been recorded in this study.

Eosinophils or acidophils may be present or absent

in fish peripheral blood (Watson et al. 1963;
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Sherburne 1974; Ellis 1977), the mature acidophils

being the least frequent (Lester and Desser 1975;

Zapata 1979; Zuasti and Ferrer 1988) and the only

granulocyte type in the circulating blood of Fundulus

heteroclitus, Fundulus mayalis and Cyprinodon var-

iegatus (Gardner and Yevich 1969). Furthermore,

numerous mature acidophils are present in inflam-

matory response (Gardner and Yevich 1969; Lester

and Desser 1975). Also, two types of acidophilic

granulocytes have been observed in some fish

(Morrow and Pulsford 1980). In this study it was

mentioned that developing and mature eosinophils

were the dominant granulocytes in the Ht and

sinusoids in the HK of O. niloticus.

Two types of granules with granular or fibrillary

content were found in acidophilic myelocytes of

Sparus aurata (Zuasti and Ferrer 1988). Crystalloids

have been observed in the eosinophilic granules of

the goldfish (Weinreb 1963), cry fish (Smith et al.

1970) and nurse shark (Hyder et al. 1983), and

granules with homogeneously dense content and

those possessing a dense core were mentioned in

tench (Kelenyi and Nemeth 1969) and Sparus aurata

(Zuasti and Ferrer 1988). Eosinophilic granules

without inclusions have been described in goldfish

(Davies and Haynes 1975), paddle fish (Clawson

et al. 1966) and Catostomus commersonii (Lester and

Desser 1975). In O. niloticus three granular types

were clearly demarcated, granules with homogeneous

electron-dense appearance, granules with light elec-

tron density dense core and granules with axial light

crystalline core.

On the other hand, basophilic leukocytes have not

been described for some fish species (Weinberg et al.

1972; Sherburne 1974; Murray 1984), although they

have been observed in others (Romestand and Trilles

1984; Zuasti and Ferrer 1988). In the HK of the

O. niloticus we identified some developing cells of

the basophilic series (myelocyte and metamyelocyte)

characterised by prominent rER and large, rounded

cytoplasmic granules with fibrillary content as men-

tioned in Sparus aurata (Zuasti and Ferrer 1988).

Large granules with an electron-dense content were

observed in Catostomus commersoni (Lester and

Desser 1975; Zapata 1979) and Sparus aurata

(Meseguer et al. 1990).

In the development of lymphocytes, three stages

have been described in the present study, lympho-

blasts, large lymphocytes and small lymphocytes, as

reported by Mulcahy et al. 1983 in Esox lucius, while

Zuasti and Ferrer (1988) found only two stages,

immature and mature, in Sparus aurata, similar to

those described in Esox lucius (Savage 1983). The

lymphocytes are morphologically similar to those

described in other species of teleost fish (Ferguson

1976; Cannon et al. 1980; Hightower et al. 1984) and

characterised by the existence of pinocytotic vesicles,

small granules, numerous microvilli and a large

nucleus with heterochromatin blocks.

There are only few plasmatic cells in the HK of

O. niloticus in the present study. They are morpho-

logically similar to those described in other teleosts

(Smith et al. 1970; Boomker 1981; Pulsford et al.

1982; Zuasti and Ferrer 1988).

Previous studies have mentioned that the structure

of the developing blood cells and their cell popula-

tions found in the haemopoietic organs of different

fish species differ only in the relative numbers of the

various types of cells and this may be due to the

physiological condition of the fish, their immediate

environment and the season of the year (Ezzat et al.

1974; Smith et al. 1976; Safer and El-Sayed 1986).

Also, teleost blood cells possess a common stem cell

(Boomker 1980; Romestand and Trilles 1984), which

seems to derive from the fixed reticular cells and in

the process of rounding up, to become a multipoten-

tial stem cell (Savage 1983).

It is important to mention that phagocytes were

present alone or in groups among haemopoietic tissue

in the kidney of O. niloticus and those cells were

characterised by eccentric nuclei and cytoplasm filled

with brownish yellow granules. Those granules are

formed of haemosiderin (Agius 1980, 1981; Pulsford

et al. 1982; Zuasti et al. 1989; Abdel-Rahman 1997;

Bin-Dohish 2001, 2003; Sarmento et al. 2004). Agius

(1985) called the groups of phagocytes a centre of

melanin phagocytes, as its job is to store iron

resulting from the breakdown of erythrocytes (Agius

and Agbede 1984; Zuasti et al. 1989), breaking down

the destroyed tissue, catching the free radical in an

immune response (Agius 1985) and blood purifica-

tion from suspended harmful substances (Pulsford

et al. 1982). It is also important to mention that in

tilapia, the monocytes are very scarce. These cells

have been described in very few species of teleost

(Mccumber et al. 1982; Romestand and Trilles 1984).

These monocytes are large, rounded cells with

numerous slender microvilli, the nucleus being
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eccentric with a large amount of agranular endoplas-

mic reticulum cisterns and also a few lysosomes in

the cytoplasm (Cannon et al. 1980).

In addition to the previously mentioned morpho-

logical and ultrastructural studies, considerable

progress has been made in understanding the molec-

ular basis of blood cells and their development

through the use of cell line models and the membrane

markers detected by fluorescence (Blaxhall 2006;

Onnebo et al. 2004). A combination of quantitative

and morphological methods is needed if the classifi-

cation of fish blood cells is to advance from its present

provisional state. This could be done by isolating the

blood cell populations by flow cytometry and by

characterising them microscopically. Blood cell pop-

ulations must be isolated according to their FSC (size)

and SSC (granularity) properties by flow cytometry.

The isolated populations are then processed for light

and transmission and scanning electron microscopic

characterisation. The combined use of flow cytometry

and electron microscopy makes it possible to charac-

terise the different cell types present in the fish blood

with a high degree of certainty. The combined use of

flow cytometry and electron microscopy makes it

possible to characterise the different cell types present

in the fish blood with a high degree of certainty

(Esteban et al. 2000; Morgan et al. 2005).
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