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STRUCTURE OF THE SPLEEN OF THE NILE TILAPIA
(OREOCHROMIS NILOTICUS) : LIGHT AND
ELECTRON MICROSCOPIC STUDIES

H. E. S. Marei*
Departmeni of Cytology & Histology.
Facultly of Vetlerinary Medicine, Mansoura Umversily. Egypt

ABSTRACT

A histological investigation of the possible structure and functions of the spieen of
the Nile tilapia Oreochromis niloticus was conducted by light (LM), and transrnission
electron microscopy (TEM). The spleen is divisible into red and whiie pulp and a stromna
consisting of a reticular network, a collagenous capsiile. and trabeculac containing
smooth muscle bundles. The parenchyma of the organ is predominantly made up of the
red pulp. a system of splenic cords and sinuses. White pulp areas appear to be devoid
of lymphoid follicles and consist mainly of periarteriolar lymphatir sheaths (PALS). Fil-
tering of particula'e matter fram the blood occurs in the red pulp by phagociytes of the
pulp cords and ellipsoids (periarterial macrophage sheaths). The ellipsoids are pale-
staining cuffs of macrophages and reticular cells in a frameworlc of reticular fibres sur-
rounding the arterial capillaries. The melano-macrophage centres (MMCs) are found
throughout the parenchyrmna of spleen and show a close association with the vascular
system, i.e. splenic ellipsoids, sinusoids of red pulp and hlood sinuses. They exdibit
distinct degree of development from small groups of actively phagocytic macrophages
to large. totally or partially encapsulated centres. where effete phagocylic cells are
Jilted by lipofuscin and melanin. The ultrastructurat data presented here suggest vari-
ous spucific physiological roles for the Nile tilapia Oreochromis niloticus spleen, includ-
ing hematopoiesis, phagocylosis, lissue breakdown and erythrocyte catabolism. Only

sparsc lymphopotesis and plasmapoiesis were recognized,
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INTRODUCTION

The teleost spleen fs a lymphoid organ whose lunctions are stlll in question. Several Investiga-

tors have previously suggested its crucial roles in the immunological defense mechanisms and

Mansoura, Vet. Med. J. (133 - 154) Vol. V, No. 1, 2003



H. E. S. Marei et al...

134

hcemartopoiesis of {ish (Ellis et al,, 1978; Elils, 1880; Seeombes and Manning, 1980; Tatner
et al., 1984; Lamers, 1986; Van Muiswinkel et al.. 1991; Alvarez et al., 1998). bu( only a
limited maniher of general studies ol the ulirastructurce ol this organ have been rcporied (Bielek,
1981; Zapata, 1981, 1982; Pulsford et al. 1982; Ishizeki et al., 1384; Temmink and Bayne,

1987; Douglas et al.,, 1990; Quesada et al., 1990; Tanaka and Goto, 1991; Alvarez et al.,
1998; Alvarez et al., 1998).

With respect Lo the morphological and ulirastructisre peenlianities of the {ish spleen. it shows
remarkable variations tn the distribution and ratio of red and white pulp according to species
(Groman, 1982; Douglas et al., 1990; Quesada et al. 1990; Alvarez et al., 1998). The pres-
ence or lack of ellipsolds and nielanomacrophage centers (MMCs) hias also beent described (Elils
et al., 1976; Ferguson et al,, 1976; Fulop and McMillan, 1984; Fange and Niisson, 1985;
Douglas et al., 1990; Herraez and Zapata, 1991; Espenes et al.,, 1995; Romano et al.,
1997). Olher ultrastructural Investigations ol fish spleens have limited their focus to the reticu-
loendothelial system (Graf and Schluns 1979; Ferguson, 1984; Fulop and McMillan, 1984,
Page and Rowley, 1984; Hunt and Rowley, 1986; Ganassin and Bols, 1999).

Regarding the suggested (unctional aspect of telcost spleen. it is generally considered an {m-
portant site of phagocytnsis ol particulate matter and senile blood cells. In some species it is he-
mopoietically active (Catton, 1951; Fey. 1965; Halder, 1966; Weiss, 1991; Romano et al,,
1993), while In oihers only plasmapoiesis has been observed (Zapata, 1982; Schroder et al.,
1998; Petrie-Hanson and Ainsworth, 2001). Its :mportance in imnune reactlivity has been
questioned. Spleneetomy In the blue gourami {Trichogaster trichopterus) prevented antibody
formation (Yu et al., 1970), but had no cffcet on antibody response in Lutjanus griseus (Fer-
ren, 19687).

We are currcntly conducting a project on tilapla fish as a biological marker lor insectieide pol-
lutton particularly the passible impact of such pollution on the structure of immune organs and
Its cellular imniunc response. Since to the best of our knowledge a detalled investigation
on the cytology of the Nile tilapla, Oreochromis nlloticus spleen in general and s exact func-
tlon in particalar is stlll in need for a precisc clarlfication. We examined the histology and ultra-
structuc of Orcochromis niloticus spleen so thal we could more preclsely elucidate its cytology
and ultrastructure morphology. in order to obtain the basic cytological information needed f(or
our project coneerning the ellects of Insecticide pollution on the ccllular immune responses in
this spccies.
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MATERIAL AND METHODS

Twenty specimens ol Nile tilapia Oreochromis niloticus 'ish were captured {rom the Nile Riv-
er, Mansowra, Egypt, in the sumimer of 2002, Upon caphire, the (ish were Immediately trans-
ported to vur laboratory at laculty ol Vetennary Medicme. Mansonra Universily where they were
maintained lor 14 days In a Now -(hrough (Nile River walter). 200-1. aquartum. All lish were led

on commeyrcial diets and sacrificed by decapnation.

For light microseopy, the spleens were lixed hy immersion in 10% ncutral bulfered tormalin
and Bouin's {luid. Paraffin scctions of 6 um were prepared and stained with hemafoxlin and co-
sin, Crossman trichrom. reticulin method and periodie acid-Schill’ (PAS). The alorementioned

methods were carried out as outhnes by Carson (1990).

For electron microscopy. portions ol the spleens were cut into 1.0-2.0-mum picees and placed
immedialely Into cold (0-4°C) 2 % glutaraldehyde in 0.1 M phosphate buller at a pll o 7.4 jor 48
h. The tissoes were washed several Limes [10min/wash) in (hie above buffer and postlixed i 1%
osmium {clroxsde i G M phnsphate bufter {phl 7.4) for 1 h at yoom temperature. The tissaes
were dehivdrated in a graded series of ethanols and subsequently i propylenc vxide. Tissue see-
tions then were Inliltrated by Epon resin and propylene oxide mixtures at a resin-propylenc ox-
lde ratlo ol 1:1 for 60 minutes and 3:1 for 4 h. and finally wirh 100% restn overndghi. Yhey were
Lthen embedded in fresh 100% resin and polvinevized at 60 C. Thicker sections (-2 aanl were
cut with glass knives. slained with toluidine blue, and cxamined by lighl microscope lo seleet -
eas for ulirastructural study. Ultrathin scclians (60-90 1unl were abtained with a Reichert Juny
ullramicroloine were stained with uranyl acclate and lcad citrate, and examined with an clectran

microscope.

RESULTS

The spleen ol 1he Nile tilapia Oreochromis nlloticus was recognized as circumseribed highly
ccihular mass enclosed within a thick connectlive tissne capsule (Fig. 1). The capsule consisted
of fibroblasis, collagen fibers, smooth musele cells and was covered by a single layer of mesothe-
Hal cells (Mg, 2). Thin frabeculae projected from the capsiie into the onler area of the spleuic pa-
renchyma (Fig. 3). The eapsule aud wabeenlae are demarcated by veticular eells which were in-
terconnected in the retieular cell networlk of the splenic pulp (Figs. 2. 3). The reicular cells
presented cytoplasmic processes exhibiting few filamcenlous bundles; their eccentric. oval. euch-
romatinic nuelei showed marginal anc centrid heterochrontatin with a prominent nueleolus. A
few mitochondria. a well-developed Golgi complex, sparse rER i(ubules. nomerons frec ribo-

somes, aid {ew spherical electron-dense granules were observed (Figs. 4, 5),
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The subcapsular region of thie splenic parenchyma was composed of a network of retieular
cells enclosing within (heir meshies a ronsiderable number ol macrophages and blood cells, no
specific celt type was predominating. Except for the subcapsular region, the splenic pareiichyma
was composcd of red and ijll-developed white pulp without clear demareation (Fig.G). The red
pulp constituted most of the splenic parenchyma and was composed of an extensive intercon-
nected syslem of splenic cords and sinusoids (fFigs. 7. 8}. 'The splem cords were eomposed of a
network ol reticular cells joined by desmuopsomes, and were lightly packed with a varylng number

of crythrocytes, heterophilic granulocytes, cosinophilie granuloeytes. thromboeytes. and 1nacro-
phages (Fig.9).

The heterophilic granulocyles are oval with an eccentric oval non-indented nucleus showing
peripheral and central clumps of heterochromatin. The cytoplasm contains a small Golgi appara-
tus, sparse cistetnae ol tER. free ribosomes. and large mitochoichiia. Numerous vesicles and
oval or spherical granules (hat vary in size and densily were abserved. These granules were ho-
mogeneously dense (IFig. 9). Other immalure forms of helerophilic granulocytes found in the
spleen were hcterophilic myclocytes with thelr dense cytoplasm and characteristically striated

granules, and promyciocytes with early signs of granule formation.

Eosinophllic granulocytes were oceasionally seen in the splenic parenchyma. Their lobulated
cuchromatic nuclei exhibited central and peripheral heterochromalin. The cyloplasm contalns a
well-developed Golgi coniplex. cisternae of rER and sER. tew mitochondria, and oval or spherical

granules ol varying sizc and density.

Different regions ol the red pulp contained varying numbers ol c¢rvthrocytes or their preewr-

s0rs in isolalion or in groups where they wore bregularly contoured (['igs. 9. 10).

The thrvombocytes were characterized by a central or cccenlric nucleus and a marginal band
of microtubules and vesieulated r ER (Figs. 10, 11). Sparse mitochndria, small Golgl complex,

numerous frec ribosoines, aud 4 liltle rER were found as well (IMig. 11).

Splenic sinusoids were large iyregular chanuels lined by codolbelial cells and (enestrated ba-
sal lamina (Fig. 12]). The endothelial cells were flattened willy irregnlar euchromatic nueled shaw-
Ing marginal and central heterochromatin. They lack cell junctions and their cytoplasin contains
a well-developed juxtanuclear Galgi apparains, sparse rER tubules, numerous Iree ribosomes,
mitochondria, oval or spherical clectron dense lysosomes-like granules. and numerous mieropl-

nocytotic vesicles an the hrminal and basal surface.

Prominenily lcatured within the splenic red pulp were numerous macrophages. They were ir-
regularly shapced cclls with eccentric euchiromatic nucleus with peripheral chromatin aud a dis-

tinet nucleolus (Fig. 13). Their eytoplasm contained a distinet Golgi apparatus, same mitochn-
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dria with few cristae, sparsc r ER lubules. {rce ribosomes, and many lysosomes and phagolyso-
soines which oflen conlained phagocytoscd crythrocytes, lymphoceytes (IFFig. 14) ot large, pigmenlt-

bearing inclusion bodies (Figs. 13).

MMCs arc aggregations of closely packed macrophages {IFigs. 15. 16). the limits ol which werc
diMcult to discern. They were found throughout the parenchyma of spleen and showed a closc
assoclation with the vascular system. i.c. splenic ellipsoids, sinusoids of red pulp and blood si-
nuses (IYig. 17). They exhibited distincl degree of developnient from small groups ol aclively
phiagocytic macrophages lo large, lotally or partially encapsulated centrcs, where clicte phago-
cytic cells were filled by ccll debris. An inicrrupled capsule of collagen fibers and reticular eells

enclosed them. Lymphoid cells were commonly found nicar the MMCs,

Tbe while pulp surrounds tbe arterial blood vessels and MMCs or [orms small clusters of lym-
phoid cclls, heterophilic granuloeyles. thromboeytes. and niacrophuges. all within a thin {ranie-
work of densc reticular cells (Tlg. 18). Plasina cells were very sparse, while lymplhiocyles were
only inlrequcidly recognized. Relicular eclls ol the while pulp were stellate with long proccsses
Joined by desmosomes. The nuclei were irvegular, euchromatic with marginal and central hetero-
chromatin, and a nuelcolus. The electron-dense eytoplasm contained, in addilion (o the usual
organelles, numerous bundles of filaments and sparsc clectron-densc granutes. The macraphay-
es of the white pulp have a more hcterogencons appearance (hap those in the ved pulp. They
contalned lysosomes of diflerent sizes and homogeneous, granular, or filamenious conlent:

sometimes melanin grinules, nialtivesicular bodles, and involuted crythrocytes and lymphiocyles

were found.

Lymphocyles were characlerized by their sparse cytoplam and sphberical nuclens with great
amounts of central and marginal heterochromatin, Lvmphoblasts were larger cells wilh an oval

nucleus with little heterochromatin and a prominent nucleolus and more abundant cyloplasm
(Fig. 18).

The main arterial supply o) the spleen come fromt the splenic arterv which enters throngh the
hflus and divide at the organ center, lorming two main branches. Numerous radially arranged
arterioles originate (rom the main branches and were {inally continued as caplllaries. The arteri-
al branches were accompanied by a wide lwinen. The capillaries were frequently sintounded by
periarterial macrophage sheaths or ellipsoids. These sheathed capillavies consisted of an endo-
thelium thal was not limited by a basal lamina and were surrounded by a neiwork ol collagen
bundlcs, rcifcular fibers within whose wide meshes, macrophages, and blood cells werce distrib-
uted (Fig. 17, 18). The periarterial nacrophages frequently contalned phagoeylosed erythrocytes.

It was dilficult {0 ascertain whether the capillaries open directly intn (lie spaces amony the retic-
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ular eells ol the splenic cords or eommnmunicate direclly into the hnnen of the sinusoids.

DISCUSSION

The exact lunctional roles ol the teleost spleen are up il now still o matter ol debate. Several
functions have been attributed Lo it muosi of them are poorly understood. It is a henopoiclic or-

g whleh may be phagocytic, a store ol erythrocytes, and a site of plasma cells development
and consiguently antibody production.

The present study demonstrated thal the splenie parenchyma of {he Nile tilapia Oreochromis
niloticus consists of red pulp, whereas {lic white pulp is generally poorly developed. as in Lepo-
mis sp. (Fulop and McMillan, 1984), Salmo gairdneri, Pleuronectes platessa, Cyprinus car-
plo (Lamers, 1985), and stripped bass Morone saxatilis (Douglas et al., 1990). In th icelish.
however, lymphoid eclls and marcophages ave the dominant cells o) a splcen parcnchyma which
show practically no cryltiracytes (Walvig, 1985). The diflerent lunclional capacites amaong the
teleost spleen can be related 1o the ralio of red and white pulp.

Beside 1w poorly developed white pulp that was clarified here. our resulls on (he Nile Lilapia
Oreochromis niloticus splcen revealed the presence of cerfain unigue structural feafures. Sirni-
lar to the findings of Douglas et al (1390), we eould not identify In our material (hie developmen-
tal stages of plasma cclls. These stages were reported to be niimerous by Zapata (1982) in roach
Rutilus rutilus and gudgeon Gobio goblo. Moreover, in the present study fewer Jympliocvies {or
Jymphoblasis) were observed with the abhsenee in our malerial of lymphoeyte clusters surround-
Ing monocyics or macriphages. An arrangement of lvmphoid eclls and macrnphages has been
described in (he spleen of roach Rutilus rutilus (Zapata, 1982) and of the doglish Seylioorhi-
nus canicula (Pulsford et al., 1982). In adrecment with our flndings, the spleen in the Oricnlal
weatherlish (also known as loach) Misgurnus anguillicaundatus showed close proximily of (he
constitucnl cells (o each other and no specific orieatatian of the lymphoeytes to monocytes or
macrophages (Ishizeki et al., 1984). Unique to the Oriental weather(ish, however. was that the
principal celt type in the spleen was cosinophils {inature and inumalure stages) whose granulces
have a crystalline corc (Ishizeki et al., 1984). In the prescnl study, cosinophils were inlrequent-
ly encountered, as has bheen demonstrated previously (Bodammer, 1986). Morcover. a predomi-
pant fcature of the Nile tilapia Oreoehromis niloticus spleen was the presence of a considerable
number of eryithrocytes and erythroblasts as well as nurnerous thrombocyles in vanous stages of

devclopmeni. saggesting (hat both cell iypes may have (heir origin in (his lissue.

Macrophages, a prominent feature in (he spleens ol Nile tilapia Oreochromis niloticus, Irc-

quently eontained recognizable red cells or presumcd [ragments thereof within their phago-
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smrnes. This ohscrvation is consistent with the general role of these cells in erythroeyles destrae-
tion in ver(ebrates. and has been conlirmed ultrasimictnrally Jor other fish species sucln as dog-

fislh (Pulsford et al., 1982) and suifish Leponiis spp. by Fulop and MeMillan (1984).

Hislalagical amalysis ol Nile tilapia Oreochromis milotieus spleen demonsihrated closcly
packed phagocylic cells conlaining abundani pigment. These pigimented macrophage apdregates
were similar 1o thase desceribed lor ssmlis) (Fulop and McMillan, 1984): they were surrounded
by lymphoid cclls, a morphological relationship thal may (acilitale their proposed role in antigen
processing (Aglus 1981, 1985). In the present study, no evirlence for the uptake of cell prodiets
has been observed in the macrophages of MMCs. These findings were in harniony to thosc of Fua-
lop and McMillan (1984} in Leponiis sp. and might supggest that snelv macrophages have no ac-
tive role in the process ot cellular degradation. In cortrasl {o our findings. Quesada et al. {(1990)
In the sea hass demonstrated the presence ol fragments of erythrocytes, lvsosomes. mclanin
granules, and vesidual bodies within the cytoplasim of MMCe macrophages suggesting the in-
volvement ol theses eells in ervihroeyte tegradation. Herraez and Zapata, 1991 reporied that
the main inctusion obscoved in the MMCs ol Carassius auratus is lipafasein with littte haecmo-
siderin and sugdest various non-specilic physiological roles loy the felecost MMCs, ineluding (is-

sue breakdown and cryllirocyte cataholisn.

White pulp in Nile tilapiu Oreochromis niloticus is lormed of rclicular fibers inleringled
with lymphoid cells, macrophages. granulocyles, thrombocevies, and somne isolalcd ervihirocytes,
Whilc pulp is sparse and forins a cuff arovnd the pulp arterics and MMCs and appcears dillusely
In the splaic parenchyma as in some other species (Pitchappan, 1980; Groman, 1982; Fulop
and McMillan, 1984; F nge and Nilsson, 1985). Morcover. (he spleen of Nile (ilapia Oreochro-
mis nlloticus <hows small groups ol lviiphoeytes and plasima cells beiween the splenic cords,
as in thic Iresh-waler teleosts Rutilus rutilus and Gobio gobio (Zapata, 1982). In conlrast (o
our lindings. Tomonaga et al. (1992) dcmonstraled thal (he major cellular constituent of the
splenic wiute pulp of the Aleutinn skate (Bathyraja aleutica) was plasma cells with only a small
munber ol lvimphocvies. ‘These lindings indicale that in conlrast (o (he Nile Hlapian Oreochromis
nllotlcus while pulps, the splenic white pulp is the major site Tor immumoglobulin prodiiction in
this lisli. Petrie-Hanson and Ainsworth (2001) demonstralcd the presense of immunoglohulin
positive plasnin cells were lirst detected on day 14 posi-hatehing in the spleen ol chianne! calfish
and their was a constan( inercase in their nuuther with iercasing agee.

The arterial siiply of the Nile tilapia Oreochromis niloticus spleen comprised a longitudinal
artery and vein lving side by side, along the length of the splect. The artery gives ot radial
branches toward (he splenic pulp. The arlerioles teraiinale as eapillaries in the ved pulp. Fre-

quently the capillavics are surrounded by an ellipsoid, as i1t mosi leleosts (Graf and Schluns,
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1979; Fulop and McMillan, 1984; Lamers and De haas, 1985). The funcHon of the cllipsoid is
poorly nnrlerstood. The (ilaments and numerous micropinocytotic vesicles of the cndothelial cells
of the ellipsoid in sca buss can be relaled to the regulation of capillary diameter and transport
across endothelial cells (Quesada et al,, 1990). Espenes et al., 1997 demonstrated the himpor-
tance of cllipsoidal macrophages in the clcarance ol filtered substances trapped in the reticular
matnx ol ihe cllipsoldal wall. The presence of erythrocytes in varying degrees of degradatlon in
the perfarterial macrophages that has been revealed in the present study might suggesl an ac-
tive role of cllipsoid in the process of erythrocyte destruction. [n contrast to our {indings. a lack
of cellular lreakdown ju the ellipsoids was noted in (he sunfish (Fulop and McMillan, 1984).
Espenes et al,, 1995 suggests a specific role Jor the splenic cllipsoids in rapid immune-complex

trapping and invites speculation on s signilicance in a sccondary ilimune responsc.

As In ollicr species, (Lepomls sp, Salmo gairdneri, Lecuciscus idus), it is difficult (o ascer-
tain whether the splenic eapillarics in the Nile tilapia Oreochromis niloticus opcn into the retic-

ular network or are conlinuous with the sinasoids.

From the present study. phagocytosis. heimopoiesis and crythhrocyles degradation seerns to be
the main [unctions of Nilc tilapia Oreochromis niloticus splecn. Only sparse lymphopoicsis and
plasmapoicsis arce found, the latter being described in the fresh walcr lelcosts Rutilus rutilus
and Gobio gobio (Zapsta, 1982) and chaneel catlish (Petrie-Hanson and Ainsworth, 2000).
The role of (rlcost spleen in iimmune reactivity has been questioned. The acllvity of antibody pro-
duction inn the spleen could he indicated by the nnmerons plasnta cells il contains. Splenectonty
had no cflect on antibndy response in Lutjanus griseus (Ferren, 1967) but abolish i in Trl-
chogaster triehopterus (Yu et al., 1970). [n {rilled shark, Chlamydoselachus anguineus, no
actlve hemopoicsls 1s noted and the major spienic function seemed (o be vestrieted to phagoeyto-

s1s of worn vut red blood cclls (Tanaka and Goto, 1991).
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Fig. 1 : PPhotoniicrograplt of a section ¢l the Oreocliromis niloticus <picen. Note circumscribed

highly cellular mass e losed within a thick connceetve Ussue capsule. PAS X 40.

Fig. 2 : Plitonucrogeaph ol o section of U Dreoehreiris niloticus spjzen. The capsule cansist -

cd of fibroblasts. collagen Ithar~, <tonith neisele cellis. Massm s (riclwonie X 1000.
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Fig. 3 : Photomicrograph of a section ol the Oreochromis niloticus spleen. Note small trabecu-
lae (T projected from the capsule and the reticular cells (R) that demarcate the inner
surlaee of the trabeculae. Masson's triechrome X 1000.

Fig. 4 : Electron micrograph of Oreochromis niloticus splenie reticular eclls. Note the nucleus
(N}, cytoplasmic process, nitochondra (arrows], Golgl apparatus, rER tubules (E) X
10000.
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Fig. 5 : Uigher magniflcation of ligure (4) showing the nucleus (N). cyloplasmic process (C), and
rER {ubulces (F) X 22000.

Fig. 6 ; Pholomicrograph of a section ol the Oreochromis niloticus spleen, The splenie paren-
chyma is composcd of red and ill-developed white pulp without clear deumarcation. PAS
X 1000.
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PFig. 7 : Photomicrograph ol a scction ol the Oreochromis niloticus spleen. The red pulp consti-
tuled most of the splenic parenchyma and was composed ol an exlensive interconnect-

el system of splenic eords ('C) A sinusoids (S). PAS X 1000.

Fig. 8 : Photomicrograph ol o seetion of the Oreochromis niloticus spleen. Note the sinuses (S)

and spienie cords (C). Masson's (richrome X 1000.
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Fig. 9 : Elcctron micrograph of Oreochromis niloticus splenic red pulp, Note reticular cells (R),
erythroeytes (E), helerophilic granulocyies (1), thromboceytes (T), and macrophages (M)
X 4600,

Fig. 10 : Llectron microgdrapli ol Oreochromis nilotieus splenic ted pulp. Nate reueular cells

(R). crythrocytes (1), thromboceyles (1) X 6000,
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Fig. 11 : Higher magnificalion of (hromboceytes {T). Nolc nucleus (n). a marginal band of micro-

tubules (T) and veslculaled r ER (arrow) X 8000 .

Fig. 12 : Mofomicrograph ol a seciion of the Oreochromis niloticus splecn. Note splenic sini-
saids (S) as a large irregular channels lined by endothcelial cefls (B) and a fenestrated ba-

sal lamina (aiTow). PAS X 1000.
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Fig. 13 : Electron niicrograph ol Oreochromis nilotieus splenic red pulp. Note macrophage

with cecentric mdenied nueleus (N}, waitachondria (M) and phiagosomics (11 X 10 000,

Fig. 14 : Elcctron micrograph ol Oreochromis miloticus splenic red pulp Nole pliagocytosed

lymphocvie (1) inside the eyioplasnn of the macroptiage (M), X 8 004Q.
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Fig. 16 : Lilcctron mierograph ol Oreochromis niloticus splenic red pulp. Noic the melano-
macrophage (MM) X 8 000.

Fig. 16 : llighcr magnification for the mekhino-macrophagc in the splenic red pulp. Note the nu-
cleus (N), melanin granules (G) inside its cytoplasm X 13 000.
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Fig. 17 : Photomicrograph of »n section ot the Oreochromis niloticus splecen. Note the close

proximiy of welano-mnacrophages (rrow) (o the splenic sinusolds (S). Reticulin X 1000.

Fig. 18 : Plholomicrograph of a scction ol the Orcochiromis nilbticus spleen. Note sheathed capil-
lary (cllipsoid) (E) and macrophades (M), all within a (hin raciework of dense reticular
cells (RE, Masson's Iricticome X 1000.
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