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ABSTRACT 

A histological irtSJeStiglltion of the possible structure and JnnCllortS oJ the SPI<"efl oj 

the Nile Wapia Oreochromis niloticlt."; was conducted by light (IM]. and transmission 

electron microscopy fTEM). The spleen is divisible inio red and white pulp and a stroma 

consisting qf a reticular network, a coliagenou.s capsule, and trabeculae containing 

smooth musc[e bundles, The pa.rendl!Jma oj the orgall is predominantly made up Qf the 

red Pllfp, a sHstem oj splenic cords and sinuses, \\.'Jlite pulp areas appear to be dc{'oid 

oj lymphoid Jollicles and consist mainly (~rperiarteriolar lyrnphatif: sheaths (PALS), Fil­

tering oj pw"ticulate maiter Jrom the blood occurs in tile red pilIp by pltagocyres q{ the 

pulp cords and ellipsoids (perinrteriat rnucrophage sheaths), The ellipsoids are pakh­

staining cuJfs oj macrophages and reticular cells In aJmrnework Qf reticuiar Jibres ;-,~llr­

rounding the arterial capillOJies. TIle mdano-macrophage centres (MMCs] are JOHnd 

throughout the parenchyma oj spleen and show a close asSOCiation u)uh the vascuiar 

system. Lt:. splenic eUipsoids. sirtftsoids oj n.-xi. pulp and blood sinuses, Thcy ,?xllihit 

dLst!nct degree Qf det.'€lopment .from small groups oJ w."liL'eJy phagocytic macrophage'S 

to large, (otafty or partially crtcapsutated centres, wh{'''fc e1Jete phagocytic cells em! 

fiHed by lil'Q{uscfn and me{auirl. l1le ultrt::4<;trucwral do/a presented here sug9<,st u(!rF 

nus s/p::cijk plJysiological rolesIor tile Nile Wapia Oreoc:hrornis nllotfcus spleen, Utc/ud· 

ing hemalopoiesL<;, phagocylosL'i, /issue breakdown and eryt/1I'ocytc catabolL<>m. DnCtI 

sparse lymphopotesis and plasmapoiests were n'COgnizcd, 
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INTRODUCTION 

133 

The teleost spleen Js a lymphoid organ whose function", afC' stilt in question. Severallnvestigu­

tors have previously suggested its crucial {"nles in the l.ulIll\lnQlogieal defense mechanisms and 
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hematopoiesis of fish (Ellis et al.. 1976; Ems. 1980; Seeombes and Manning. 1980; Tatner 

et aI., 1984: Lamers, 1986: Van Muiswinkel et al .• 1991; Alvarez et al •• 1998). but only a 

limited numhcr of gener.ll MtJtoies of the ul!rastructuH; oj jbis urgall have been reported (Blelek. 

1981~ Zapata. 19tH. 1982; Pulsford et al. 1982: Ishlzeki et al., 1984; Temmlnk and Bayne. 

1987: Douglas et aI .• 1990; Quesada et al., 1990; Tanaka and Gote, 1991. Alvarez et aI •• 

1996; Alvarez et aJ., 1998). 

WJth respct't to the morphological anti uHrdslructure peculiarities of Ih(' fish spkvn. it shows 

remarkable variations in the distribuUon and ratio of red <1l)d white pulp according to species 

(Groman, 1982; Douglas et ai" 1990; Quesada et aJ.. 1990; Alvarez et aJ. o 1998). The prcs~ 

eote or lack oJ ellipsolds and mclanomacrophage {~nLers (MMCs) lias also been described (Ellis 

et at .• 1976; Ferguson et aJ .. 1976: Fulop and McMillan. 1984; Fange and NUsson, 1985; 

Douglas et al .. 1990; Herraez and Zapata. 1991: Espenes et aL, 1995; Romano et al .. 

1997). Other ultrastructural Investigations oJ fish spleens h;we limited lheir focus Lo t.he reticu­

loendothelial system (Gral and Sehluns 1979; Ferguson. 1984: Fulop and McMUlan, 1984; 

Page and Rowley. 1984: Hunt and Rowley. 1986: Ganassin and Bola. 1999). 

Regarding the sugg('"sted functional aspect of teleost spleen, it is generally considered an im· 

portant sile of pha~ocytlJS.iS of particulate matter and senile blood ('ell!'.. in some species it Is 11c­

mopoietleally active (catton. 1951; Fey. 1965: Haider. 1966: Weiss. 1991: Romano et aI •• 

J.993). while In others only plasmapoicsls has been observed (Zapata. 1982; Schroder et aI .• 

1998; Petrle~Hant;on and Aill$worth. 2001), Jis importance in immune re.'1clivUy lws beell 

questioned. Spleneetomy In the blue gourami (Trlehoga9ter trlchopterus) prevented antibody 

fonnation (Tu et aI •• 1970), but had no efJect on antibody response in Lutjanus grtseus 'Fer­

ren, 1967), 

We are currently conducting a project on tiJapla fish as a biological marker for inSA.'Cticlde pnl· 

lullon parHculady the possible Impact of such poHuUon orr lhe structure of immune organs and 

Jts cellular immune response. Since 10 fhe best of uur knowledge a detailed Invc,'lllgation 

on the {'ftnlngy ot the Nlle tilapia, Ol'eoehromis nlloticus spleen in general and It I:> exad func­

tion in particular is stUl in nLoed fOT a PfCf'isC darlllcation, We examined the htstology and ultra­

structuc or Or0(}(:hromis nilolku5 spleen so that V,te could more precisely elucidate Us cyt.ology , ' 

and ultrastru('ture morphology. in order to obtain the basic cytological informaHon needcd for 

our project {'nneernlng the cHerts of InsecticIde pollution on the ccllular immune responses in 

this species. 
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MATERIAL AND METHODS 

Twenty sjJccimen8 of Nile !ilnpia Oreochromis nUoticus nsh wct(' captured hom lhe Nil!' {{lV· 

cr, MansOllnl, Egypt. in lilt, summer of 2002. lJpim capitlll'. I he fish were Inll11Cdhltdy trims, 

ported to ow-laboratory at hH,:ulty 01 Vekl'!lIary Mcdkl!!('. M,W$OIlf,l UniV('lEUy when' they were 

maintained for J4, days In n now ·through (:",hle Rivcr willer). 200-1. aquarium. All Hsll \VPH! kd 

011 l'ummercml diets and sanj!iced by d('('ap:tatlon. 

for l1,gh! microscopy, the spleens werc fixed hy imroertl,ion in 10'-M1 n<;.'utmJ \)ufkn'd !onllalill 

and Bouin'g HUld. Paruffin sections of 6 \lin wen:- prepared and stnjned with Ilemujmdin and co­

sin, Cw,,;sruan trlchrom. reticulin method and periodic add-SchUf (PAS). Tlw afolTlllcnlioHed 

methods W!'no' carried out as ()uUin('s by Carson (l990). 

For dec/ron mlcrol'KoPY. portions of 111(' "'pleens were ('ui Into 1.0-'.$.0-mm pieces ami place<l 

tmmedialdy into cold (0-40(;) 2 % glutaraldehyde In 0.1 M ph05jJh::)k \)uficr at it pH of 7 A lor <if') 

h. '111{' USSIl('.'l were w?!shcd several limes (lOmln/wdsh) in 1i,e abo\'C~ l)uJfer and poslr\-xcd m jlX; 

ORll1luUl telroxide In 0.1 \'t plmsphilk bnlkr (pH 7A) (or 1 h al nml11 temperature. 'llle ijssm~s 

were deJ1ydraled ill a graded seri~s of ethanols and sll:)seqIJentty in propylene oxidc. Tissue "ec­

lions then were JnlUlmlcd by Epon resm and propylene oxIde Il1lXllln'!'l at n n':sill'pmpylcHc ox­

ide mUo of I: 1 for 60 minutes and 3: 1 for 4 11, and finally with 100% resin ovemi.!;{hL They werc 

then embedded in fresh 100'41 resin <llld polymerized HI 60 C. 111kk"f scclions (1-:1 111m) wen..' 

I':llt with ~lass knives, stained with I'oluidinc blue. and CX[UnIlled by Il¢ht mi('roscopc tn s('[cd 'If­

ea~ for ullrilstrudural study, Ultrathin seciions (60-DO HUll wcre oblaill(:d wilh a Fkkl\\'lt-Jung 

ulLrarnicro!olllc were stained wi!h uranyl ,HTiate and !cad citrate. ~u:d examined w:i1h (Ul dcdmn 

microscope. 

RESULTS 

'I11C splt'en of the Nile tilapiR Oreochromis nllotlcus was rccognized as ('lrnJlll~(Tibed hi~hly 

cellular tndS" enclosed within a thick cOIlm:i'livc tissue capsule \Fit!. 1). The capsuk nlllsi,,;tcd 

of Obroblasl~. I'ollagen Jlbefs, RIl){1()th mllscle cells and was covered by a single layer (If mesnihe­

liill cells (Fig:. 2). 'rhin tnt\)ceuiae projeded from the capsule mlo tlw on tel' area of the spknk pa­

renchyma (Fig.. ~5)_ The capsule and tral}('clli.ae arc demarca:cd by rell\"1I1ar ceUs wh1ch were in­

terconnected in the rclieular eell network of the !'lplen(e pulp {Fjgs. 2. 31. The rdt'u\-;Ir celli'S 

presented <'ytoplasmi(' processes exhibiting f..w filamentOUS bundlc~; their eccentric, o'JHL eucll­

romatlnk lIUdCl :-;!1Qwed maq;inal and ("clllmi heterochrolllatln wilh a promillt'uL l1odcolus. A 

ff~ mi!uehoudria. a well-developed Golgl complex, sparse fER tubuks, nlJmemll<J free rlbo· 

somes, and kw spherical ele-ctroll-dense granules wen: observed {Figs. 4, 51, 
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'l11e subcapsular region of tilL spieHit' parenchyma was eompose:~t of a network of rcUeular 

cells cnd(lsing within their l!1c!Slies a t'onsiderable number (if macrophages und hlood cells, no 

sp<'..cifie cdl type was predominating. I!:xcq)l lor the subcapsular n~MiOlI., thc splenic pare!l('}lyum 

was composed or rcd und iII~tlcvd()r,cd white pulp without dear demarcaUon (Fjg.6J. "t11e red 

pulp constituted most of the splcnk parenchyma and was composed of an eXlcns.ive intercon~ 

nee ted SYSLCl1l of spleniC cords and Sinusofds (Figs. 7, 8}. The splcm cords were composed of a 

network of reticular cdls Joined by d('~':lm(Js()Il1CS. and werc Ughtly l).'"wKed with a vurylu!4 number 

of erythrocytes. hdep)phHj(o granu:ocytcs. f'oSlnophtUc granulocytes, thrombocytes, and maUo­

phages (Fig,9), 

The hcterophllic granulocyles <:\rc ova! with an en:cnlric oval non-indented nucleus show1n,(:( 

perIpheral and centml chlinpH ofhelcrochromalill, 'I11C (:ytoplasm contaim; a small GolJ;ti apparu­

tus, sp.-"1rBC ciSfemae of rEH. free nbosolll~'$, and large miluchondria. Numerous vcsir'ks aBd 

oval or spherical ~nm111cs Owt vary in size cUll;} density wc;'{' observed, These granules wen~ ho­

mogeneously dense [FIg, 9). Other Immature furms nf hetcrophilic lifanulocytes found in the 

splecll W{;f{' lictcruphilh: myeloeytes with lhelr dense cytopJasm ami characteril-ltically Btrlated 

granules. and promyclllcytes with early Si.r.,!J:1H of granule formation, 

EosinophIlic p(rimulocytcs were occaSionally seen in the splenic parenchyma. TIle!r lobulafed 

euchromalk nudel t-'Xhibilcd central and pcrtpherallletewchwmaUn. The cytoplasm contains a 

well-developed Gol.>{i complex. cisternae of fER and sElt few mitochundria. and oval or spherical 

gnmuJes ufv.;'jry-in.l!; sj/,£ and density. 

Dtffercnl n:giol1s of the red pulp contained varying numbers of ervthrocytcs or their prectll"· 

SO(S in isolation or in gruups where thl'y w(:!'e ilTegulnrly cuntoUl-ed Wj~s. 9, 10). 

TI1C thrombocytes w.xe characterized by u central or cc«cntric nudcus and a marginal band 

of microtulmlcs and vesiculated r ER (FIgs. 10, 11). Sparse mitoclmdrla. small Golgi ('Omple;o.;, 

ntlmemus frcc ribosoliles, alld a liLtJe fER were found as weil Wig, 11). 

Spknic sil1tlsolos were large irregular dmnnds Hned by ('odolhcliill cclls and leneslrated ba­

-5allamlna {Flg;. 12),1111.: endothdiul celts were flattened with irtcglliar euchromatic nuclei ShilW­

lng margltliJl and {'cnLral hctt'ro{'hromatilL They lack cell jU11t"liuns and their cytoplasm ('onlains 

a wdl-developnJ jllxlmmcif'ar 0(1lg1 appardillR, span,e rEI< tubule:"., numerous frc(', ribosomes, 

mitochondria, oval or <;pherkal electron-dense lysosomes-likc granules. and numerous mlernpl­

noeytoHe v{'sides on the iuminal and baBal Burfat::e. 

Pmmilwlllly rcatured within the spJeni(' red pulp were numerous macwphag(·s. They were ir­

regularly shaped cells with eccentric euciln,)Hla.tic nucleus with perIpheral chromatin and a dis· 

tln('( nucleolus (FIg. 1:.1), Their cytuplasm contained a distinct Goigi apparatus. some mitochn-
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dna With few nistae, sparse r ER tubules. rr~e rlbokOJ1KS, and n\t-iny Iysosomes and phagolyso" 

smnes whkll oHt'\1 contained phagocytosed erythrocytes. lymphncyks (Fig. 14) or huge, pigment­

bearIng ineiusion bodies (Fij.U'j" ];3), 

MMCs arc Aggregations of closely packed macrophages Wigs. 15, lG), the limBs of which \vcrc 

difficult to clisccm. TIley were round UU'oughout the parench}'1na of spleen and shuw('d i1 dose 

association with the vsscular system, I.e. splenic ellipsoids. sinusoid", of red pulp aod hlood si· 

nuses Wig. 17). They exhibited distinct degree of dcvelupnlcnt [rom small groups of act ivcly 

phagocytic nmcrophages to large, lotally or partially encapsulated centres, where dldf' phago­

cytlc cells were filled by cell debris. An lnlc:rrupted capsule of collagen fibers and rdicular ('c11s 

encJosed tbem. Lymphoid cells \vere cormr:onty found ncar the MMes. 

The while pulp surround:;; the arterial blood vessels and MMC!)l or lonns small dustl2{'s of lym· 

phold cells, hetcrophil1c granulocytes. thromboeytes, and m;t(Topba~cs. <lU within a thin frame­

work of dellsc reticular cells (Flg. ltl). Plasma cells were v('ry sparse, while lymphocytes were 

only inln:qucnlly n::cognl:l,("u. HeHeuInr CC'!H- or the whHT pilip wen: stellulc with luu14 processes 

Joined by desmosomes. The nuclei were irregular, euchromatie with marginal and c('ntral h<..·tero· 

chromatin. and a nueleolus. The electron-dense cytoplasm l'ontaineu, in addition 10 Ihe tlsmll 

olf!,anei1es, numerous bundles of filaments and spar~ cketron-dense granul.cs. Thc macrophag­

es of the white pulp luwe a more heterogeneous appearancc lhan those in the red pulp, 111(,), 

contalned lysosoIl1es of dific.renl sizes and homogeneous. granular, or filamcntmlS content: 

sometimes melanin granules, llHllllv('skular bodies, and involuted cfylhroc,}'lcs and Iymplwey!es 

were found. 

Lymphocytes were eharaclerIzed by their sparse c.J'"oplam and spbeneal nudens wil\) htrcut 

amounts of central and marginal hcte«x:hromaUn, Lymphoblasts were larger cells with at! oval 

nlldeus wItb little het.erochmmatitt and a prominent nucleolus. and more abundant cytoplasm 

!Fig, 18). 

The mUln arkrial Aupply of thc spleen ('Ollie (rom the spl-ente artery which enters :hrol1gh the 

hilus and divide at the organ center, fOnlling two main bmnchcs, Numero\lS rudially arranged 

arterioles uriginale from the main brunt"hes and were finally t"onlimwd as caplIlaries. "nIt" arteri­

al: branches .. \terc accompanied by a widc huuen, The capillaries wert" frequently sluTotmded by 

perlartcriul mat'rophage sheaths or elljpsoids. These sheathed capillaries consisled of an endo­

thelium th<1l was not limited by a u3"!Jll lamina and were slIrfoul1deJ by a network of collngen 

bundles, rcl!cu!Hr fibers within whose wic"k meshes. maeropbagcs, and blood cells wcrt" d!strlb .. 

utecl (Fig. 17, ttl). The periartcrlat macrophages frequently contained phagocytosed erythrocytes. 

it was diflktli! 10 ascertain whether the mp!Uarics open diredly into 1he spaces among! lie retk~ 
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ular eells or Iht' sp!cnk l'onb or eonmll1n!cH(C directly into the JUIlH'n of the sinusoid,:.;, 

DISCU8..<JION 

The exact hlHe!ional rules of Ule tdvusl splet::n are up iill HOW still <l malter of dcbmc, Sever,)! 

fllIletions have been attributed 10 it, lHosl of them art' poorly 11l1cierslood, It is a hClUopmcltc or· 

g:m whIch may be phagocyUe, a store of erythrocytes, aod n hill' of plasma cells development 

and constqtl(mtly antibody pruc\uctmn. 

The presenl Kindy demonstrated thal lhe splenle parenchyma ufthe Nfl<-- tilapm Oreoehromls 

nUQtieus eon!'ist" of red pulp, whel-e.l$ (1:1..' white pulp is generally pourly developed. as In Lepo­

mis sp. (Fulop and McMillan. 1984). Salmo gairdneri, PJeuroneetes platessa. Cypdnus car­

pio (Lamers. 1985), and stripped bass Morone saxatllis (Douglas et al.. 1990), III tlie i{'ellsl\_ 

howcveL lymphoid cells and mareophage:-. are the dOIl1in.::mt cells of a spleen parenchyma which 

shnw pmdicnl1y un cl),(hnwyt('s (Walvlg, 1985)~ Tbe d!!t('rent fUHcllnnaJ captll:'itles aOH1n!!. Ihe 

teleost spkt~n t'Hll be related to lhe rcllio 01 n,d and while pulp, 

Besldc· the poorly developed white puLp thal was clarilled here. O1.1r resul1}; on !hc Nile lilapia 

Oreochrom.1s nUoticus spleen revealed th1- presence of eeri<lll1 unique sin,.u:;turall{)'llures. Simi­

lar to the fimHnj!s of Douglas et a1 (1990). we eould not identi(y 1n our matClial Ow c\cvclopmcn" 

tal stages (If plasma eeUs. TI'lese stagcs were reported to be I\lImerollS by Zapata (1982) tn roach 

RutUus rutilus and llL1d¢ooll Gobio gobto. Moreover. in Ihe pr('senl study fewt'l- Iymphocy(es (m 

lymphoblas!l-;) w('re observed with the abst'llee in our malerhll of lymphocyte duster:,; SIl1Tottnc1· 

log monocylcs or macnphages. An armng{'[nent 01 lyml>hOld {'~jl~ and macm!>hnl~es 1m"> b(,(,!l 

described in the spleen of milch Rutilu$. rutilus (Zapata. 1982) Hlld of ihe dogUsh ScyUoorhi~ 

nus canlcwa (Pulsford et a1 •• 1982)" In <lweement with our flndinf'!s, the spleen in tlw Orienla! 

wealhedh.h (also known CIS loa.eh) Misgw-nus angul11icaudatus showed dose proximity of jllc 

constitlwlll cdls \0 <:.'1ch other and no specific orientntton of the lymphorytes to monoL'Y~cs or 

maemplmgcs {Ishizekt et at .. 1984}, UnIqu{' to the Oriental WC;Jthcrfish, however. was Ihat {he 

plinclpal ('l'lIlype hi the spleen was ®SillOphils {mature and immalure stages) whose v.ranu1cs 

have a crystalline l:orC (Ishizeki et a1.. 1984). In the presenl study. cm,inophHs wen: i1\Jrequellt" 

)y enc{}unlere(L dS has bcen demonstrated pr~viously (Bodammer. 1986). MmT'()vcr, a predo:ni~ 

nant feature of the Nile tlI0pia OreC)ehromis niloticus spleen was the presence of it lXlllsiderablc 

number of erythrocytes and erythroblasts a!> wt'Jl as numerollS thrombocyte.s in various stages of 

dt~vcl()pnwIlL sU.l~Iesting Ihtll both ct'll lypes may have thdr ntigin in this !js~m'. 

Mauophagc>;, a pmnlinenl fcature in the ~plcens of NUe Wapia OreQchromis nilotleU$, fre­

quently contained rcc()gniz.."I.ble red cells or presumed fragments thereof within lheir ph ago-
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somes. This o!)!'crvaiton ifl ('ollsi!-ltcnt with ttl(' gt~lle1<l1 ,"ule of lhese cells in crytltnwy!cs {\c"iil'ur­

lion ill vcrkbru{e~. il1ld h(1:< IW'n1 confirnwd Hilrns!nlclurally 1(1f otiler fish specieH such 1m do$.{­

fIsh (Pu1sford et a1 .• 1982) ilnd sunfish Lcporll.!S spp. by Fulop a.nd MeMiUan (l984), 

His!{jlo~ical iwalysis of Nile lHapi'-l Oreochromis nUotieus spleen demonslr,Hcd dosdy 

packed plmgocyli<" ceils containing abllndant pi!ot;rnent. Th('s(' pigllwltkd macrophage ag,L!,rcgatcs 

were simil;)(· 10 lhofi{C describer! lor sunlish {Fulop and McMillan. 1984): tr.cy were surrounded 

by lj'mplllJld ('dls. a morpholo&tical relationship thai omy iad!ltale lheir proposed mh: ill allH~l'n 

processing (AgIUS 19B1. 1985). In the pn'scnt study. no cvidCf)c('- for the uptake Dr n:H prothwts 

has been observed in the macrophages of MMCs. These findings wen; in harmony to thos(' of Fu­

lop and McMillan {19S4} in Lcpomis F.p. and m(c;hl sl1J,tgest lhat such l1lii.croph'!f.;es lwvr.: no .0('­

tive folr.: in tIle pro('css ot cellular degradation. In ('!JutrAsl I" \lor fimlinpf,!;. Quesada et al. (1990) 

in the S(~,1 has...; dt'1HOlv'trnt<:cl Uw prcsl'llti? of frilf.:Ulents of erytlll'u,'yles. Iysol'<.olll('l'<.. llldanin 

granules, fUJ{I n'si(]uai bodies within !hc cyloplasm of MW.Cc IOtt{ rophages SLl,l!,gt::-:tinll the In­

volvem~nt of 1Ih'~l("s {~clls ill ('ryjhrO{~yt(' dc:;nldation. Herraez and Zapata, 1991 rqmdcd that 

the maill illdllsiOlI obsc:vcd in the MMCs pi Carassiu$ euretu5 Is Ilpotuscin wl1h Ji,ek ilacruo­

sidcrin aud l\\l~t.o;CSL vmious nOll-sp(;cHk plly">iolng,kn! roles 1'01' the h<{'ost MMCs, indudlng !is­

sue brt>akdowl1 and ('ryrllfocytc cataholislll, 

Whitt' pulp ill Nile tllapia Oreochromis nUotlcus i~ lonlled of rr:linJlar fibers ;ntefllllllgkd 

with lymphoid ('ells, mHcropha~es, gr~l.l1u!ocY!Cl:>. thrornboeytcs, and some isolakd erylhro(~ytes. 

While pulp is SpMAC and fOfll1S a cu!T urOlJlld llw pulp ar!cri(~s and MMC;;: and appl'l1CS dllltl:'1cl,Y 

in the sph:nk IMfl'Hchyma as in SDIlH: other spedcl\ (Pitchappan. 1980; Groman. 1982; Fulop 

and McMUlan, 19B4; F nge and Nilsson. 1985), Mon..'ov!':'. the '3plt-en of Nile tHapid Oreochro· 

mts nUotieus sbows sfnull gmLlps or lymphocytes and plas!I)(l cclls b(>lwecn thc splcllk (Cords, 

as in lhc If('sll-wHier teleost,s RutUus rutilus and Gobio goblo (Zapata. 1982), hI nmlra,,! In 

our fimlill.,W'" Tomonaga et at. (l99" •• U demonstrated thai (11'! maJm' cellular COllstl!uenl of the 

splenk whll<.' pulp of the Aleutian ;;;ka(,' (Bathyraja rueuth)a) was plasma cells wjll! only a forllnlJ 

OUlUt)('r of !YllllJllOCYlcs. These nrHlin~s Indicate IhHj in t:'Jnt;-as1 In jJH~ Nile tLlapfn Oreoehromis 

nllotlcus willie pul;ls, lhe splenic whit v plllp jt-; thc major site 1'01· immunoglobulin prodHdionln 

this fish. Petrie~Hanson and Ainsworth (2001) denv;nsr.ralcd the prc&cnse o! lnullullo,t.o;lohtllin 

positive pl<t'>lH<l ('('I]s weI\'. first rkieckc1 on Gay 14 pOb!~hatd;ing in the spleen of clian:wl (,dW!'h 

and Ll)('ir WdS n 1'{,ushul! ill(TCaSC in :-heir IHln:ber willi jel"C,-,:o;ing <l.j.{", 

Tht' ilrlc,"j,tl Sllpply of the Nne Wapiti Oreochromis niloticus spleen (on'pri::-.cd a InlH..;Hudtnal 

artery <!1ld vein lying side by side, alollg ! h(' kngth of the spleell. The ari.cl}, gives oJf .-mlmi 

branches toward the spJcnk pulp. Thc arterioles tennlnalc as capHlari~ In the red pulp, Frc­

qui.mtly Ole eapillaricl:-> urc surrounded hy <ttl ellipSOid, a6 in most leleoslB (Graf eud Schluns. 
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1979: Fulop and McMillan. 1984; Lamers and De haas, 1985). The function of the ellipsoid it'! 

poorly lITldcrslorn:L The IlIUrlH'nts and numerous micropimwytoU<: vesicles of the endothelial cdls 

of the ellipSojd in SfCd. bass call be related to the regulation or capill<"'Y diameter and transport 

aeross endolhdial edb {Quesada et ai" 1990}. Espenes et at. 199'l demonstmterl the Impor­

tance of eUipsoldal macrophages in the clem'anee oj' mtered t'!ubstanecs trapped In the reticular 

malrix of lllc ctlipHotdal waIL The pf(:':-$enCl~ of eI}11lrocytes in vtuyin~ degrees of de~mdatlon in 

the perlaltel'ial mar.rophages that has beetl revealed in Lht' present study mIght sl.-I,!!,gesl an H('~ 

live role of ellipsuid In the process of elythrocyte destruction. In {:ontrast to OUT findings. a h::H'k 

of cellulur breakdown ill the eHipso1ds was noted 1n l he sun!ish (Fulop and McMiUan, 1984). 

Espenes et al .. 1995 sn~l~:-(S a :;pedfie role for the splenic r.lllpsOlds in mpid immIUW~('nmplex 

trapping and illvitCS specula:klll on lis significance in a secondary immune n~spoJ)St:. 

As In other species. (Lepomls sp. Salmo gairdned, Lcuc1scus idus), it is difficult !t} <lsC'cr­

lain whether HI(> spleni<' eapnlarlcs in the Nlle hlapia Oreochromie nilotlcus open jllto the retk­

ulnr ndwork or <In: ennfirnmw; with tbe SII1!HmkIB. 

Prom lhe prescnt study. phagocytOSIs, hemopoiesis and crylhnx'ytes degradal10n set'ms to be 

the main funcUons of Nile tilapia Oreoohromis nUQUeue splccn. Only sparse lymphopoiesis and 

plasmapoksis arc found. the latter being described in the :resh wultT leko..sls Rutilus rotllus 

and Gobfo gobio (ZapKta. 1982) alld d:aneel catfish (Petrie-Hanson and Ainsworth. 2000). 

Tht' role of 1c](>01'>t spleen in immune reactivity has be(>n qu('slioned. The actiV1ty of ulllibody pm­

rluction in Ih(> ~plt'cn cOllld be !ndlcaf('d by the numerous pbsma cell~ 1l eorHains. Spil'lIeelmny 

had no cflcet on <:mtibody f(~sponse in Lutjanu9 griseus (Ferren. 1967) but abolish i1 in TrI­

chogll'lSter trlebopterus (Yu et at .• 1970), In frl1lcd shark, ChlamydO$elachus anguJneus-. no 

acUve hemopoiesis Is noted and the major sp:cnic function &.:cmed to he t"cstrie!etilo phagocyto­

SlS of worn oul red blood cells (Tanaka and Goto, 1991). 
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Fig. 1 PhotolHicrograph 0:' n ~"( ': ;"1' (7~ : 11" Orcochromis uiloticus ~,)Ie('rL I\'o[ l' ('ircuillscribc(\ 

highly cc1hllar IIlaH,C; ell, ju'4crl \\-i Jiln a l11kk (-('lllH:;",\iC lls,,-l.1C ('iI!'.'>II!V. PAS X 40 

Fig. 2: Pl:oton!l'TOJ{l"ilpll Ill'" >{Tiioll ,)1 ( I" Orcocilrmnis lIiloticuo "';;); to::, The capsule consist. 

cd of Hb~\)hiaCf\S, ('(dld~"(J lii)(-l ,', '<I' ';0111 111, ,""'Tk ( dh< ;\'Ll~"'hl S i rid!! Ollie X 1000. 
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Fig. 3 : PhulOlUlcroglaph of a s('(,-tlon of tllc Oreoehromls nUotleu& spleen. Notc small trabe-eu" 

lac rn projected from the capsulc and the reticular cells iR) that demarcate 1he inner 

surlaee of the trabeculae. Masson's trichrome X 1000. 

Ftg, 4 : EkdrOIl mi('ro~raph of Ore.oehromls niloticus splcnk reticular cdis. Notc Ihc nucleus 

iN), cytuplasmic proeess, mitochondria (arrows), Oolg! apparatus, rr:R tubules [El X 

10000. 
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Fig. 5 : l-lif,ther !lIagnllkatlon 01 fiJ.';Uft' (4j showing the nucleus (N), ry!oplasmk pnJ{'f's~ (C). and 

rEn. htbules {F:l X 22000" 

Fig. 6 : Plmlmnierograph of;\ SCCilOll 01 :h(' Oreochrontis niloUeus splecrL TIl(: tiplenif' par('l1-

C'hyma is {'omp0;jcd of ;t'l: aud iU-developed while pulp wHhoul dear dc:man;aHon, PAS 

X lOOO. 
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Fig. 7 ; Photomicrograph of'l Sl'/:!iOll of! Ile Oreochromis niloticus splcen, The red pulp canst!, 

t\lled most of the "'pienic parenchyma and was {':omposcd of an cxlcn~ivc intcr('onneci­

cd ~ysll'm of splenic cords (C) and s:rtusoids (5). PAS X 1000. 

Fig. 8 : Photomicrograph or il hcc(lon of till' Oreochromls nllotlcus spleen, Note the sinuses (S) 

and ~picnje cords leI Masson's! l-[Chrome X 1000. 
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Fig. 9 : Ek:t:tron micrograph nf Oreochromlt; nlloticus splenic red pilIp. Notl!' refi('lilux cells (H). 

erythrocytes {l'':l. hderophlHc t1;rnr.Hl()(~ytcs \I-I), IhrombO(:ylc~ (T), dud Hli:.l.crophagcs (MJ 

X 4600. 

Fig. lO : !~Ii:( Iron micHl~rap1t or Oreochromls nUoticu$ ~pknic red pulp. Notc rClkl1lur cells 

{H.), cryihrocytek (I:::') tlnY)!1Jbocyjpf.. ('n X GOOO. 
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Fig. 11: Higher magnHknllon of !hmlllbocytcs fT}. Note nucleus (tI). a nmrglnai bolld of micro­

luhules rn and vesiculated r EH [arrow) X 8000 . 

Fig. 12 : Photonlicrograph 01 a set:tion ul the Oreochromis niloticus ~plecn. Note splellic sJnll~ 

Sllids is) a~ a large irreglllar channels lined by endothelial ('dl(1 (El and a renestrah~d tm­

sol lamina (arrowL PAS X 1000, 
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Fig. 13 1 I~lectron mien)~l"aph of Oreochrom1s nilotieus splenk red pulp. Not£' lll,j!T()plm~£' 

with ceeentrit' indented nllde(1~ It'll miLochondrlit 1M) and phagosomcs !I'l X 10 000. 

Fig. 14 : I~lcdnlll IlIl.cro){fnph of Oreochromis niloticus S,J1c;llk H:d pulp. No(e phagocytosed 

Jymphuc}'(' {Ll inside till' {y:ol'\;:\~m of th<.:> m;HT()pil:.\.L.C' (~~). X 8 00(1 
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Fig.- 15 : Electron mierograph of Oreooh:romls nUoticus splenic red pulp. Nok the melano· 

macrophage (MM) X R 000. 

FIg. 16 : Higher magnlfLcation tor the md:mo-macrophagc in the sp!enic red pulp. Note th;;: nll­

clells IN). melanin gmnulcs {Gl in<>lde its cytoplasm X 13 000. 
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Fig. 17 : Pholomi(T01irapi) of H ~edion ;)f ;he Oreochromis nUoticus sple<;u. Note the dose 

pruximHy of lHdano~matTOph<l,ucs {,trrowllo the spknic sinusoid" (8). Iklknlin X WOO. 

l1'Ig. 18: r'hnlollllcrogr-aph or n o~difl1l 01 lhe OrCOChnJllllS n!lulicus spkcn. !\:otc ~hcalhl'd capi!­

Imy (ellipsOid) {I-:) ami ilkH;rnpl!ilgc~ (MJ, all within <l thin fmnlt.'work of dl'l1BC reticular 

{'clls tR}. Masson's; Irieh,ullW X 100{). 
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