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ABSTRACT 

The digestive tracts UJE're obtclined jrom six heallhy adult male and j emale eels. a 

migrating teleost. the tract was d1JfcrenUated Into oesophagus. stomach and intes tine. 

Specimens from each were processed Jor ligh t microscopy . Small pIeces from gastrtc 

mucosa. were processed for electron (transmiSsion) microscopic examirlation oj gastric 

glartds. The resu1Ls revealed a wide structural regfonal uartations fn the oesophagus. 

WhUe. the mucosal lining oj its an terior regIon was Jomled oj stratified squamous 

epiU1ellum containfng taste buds, mucous cells and club (al.a.rm substance) ceUs. it was 

replaced by simple coiumnar secretory epuheUum Jormlng serrated outllnes at its 

posterfCr region.. 0,. the other hand. the tWlfca musculosa was fonned oj Chick striated 

muscle bWldles at the anterior region, which replaced by thick inner cIrCular and thin. 

outer longitudinal smooth muscle bu .. 'ldles at the posterior reglon. The structure oj the 

gastric wan not showed regional djfferentiatfOn.. It was lined by high coh.mmar cells. 

The gastTtc ducts were lined by mucous neck cells. The gastric glands were tubular ilt 

shape wtd lined by domirtant ct :boldal cell type. On the basis oj ultrastructural 

Jeatures. the gastrtc glandular cells could be djfferentiated trUO oxynttcopeptk cells, 

endocrtne cells and basal cells. The Westinal trac( showed an excellent regional 

djfferentfation.. The anterior (resplroJory) region was characterized by diminished low 

cuboidal lining epitheUum followed by highly vascular lamina propria containing fine 

capUlary bed well brallched and extend to tnvest the epilheUallining. These jeatures 

were assccfo.ted. wtth. reduction of tunica ftU.LScu1osa and well -developed uascular 

serosa. The intestine at the mid-region and at the posterior region showed long 

mucosalJolds W1.d lined by high colwnn.ar epUhellwn contain ing goblet cells in 

between. The goblet cells were (ncreased through (he linillg epUhellum. oj Ute posletiDr 

reglon (rectum). 
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It CCUl be concluded thai, tlte digestive lracI (!{ eel may exert compound JUHclioIlS: 

taste. digestfon as well as respfrattoll (illh:'slincd n ir brea ther teleos rJ to be adapted (0 

its ha1)ital. 

INTRODUCTION 

86 

TIle alime nta ry tract of t.e leosls has attracted a cons iderable interes t because of its d iversity of 

form which has been related to diet (Anderson, 1986). Ilislologica l s tudies of the gut has been 

useful to assess di sease problems (Molnar. 1989). I1l1l riUonal stress (Domeneghtni et aI., 

2002) and en vironmental tOxicity (Crespo et aJ .• 1986) as well as physiologIcal adaptations to 

temperature changes (Lee and Cossius. 1988). 

The eel , AnguJlJa anguilla L . Is a ca rnlvoruus IIs h (Landau, 1992) . lives most of Us lire span In 

fresh water. It migra tes to sea w<lte r In spawning (Sumich. 1999). Its high commerr:ial value 

makes Its culture economica lly Important In Japa n. TiJlwan and recently In Egypt (EI-Do8oky. 

2001). Uttle reports ean be obtained In litera turcs 0 11 Ihe hlstologh.:al s tructure of lhe eel dlges

IWe tract The present InvesUgaUon aimed to put a 1l.1..01t spo t on Ul.e microsc:opic~ l s truc ture of 

the eel digestive tract In the EgypUan sea walcr 10 be <l guide for s tudying pa Ulologica l Ot' physlo-

10g.1cal alteraOons, e ither related to Infectious 01" n1"lI!j ("I(l1 diets . 

MATERIAL AND METHODS 

Six. adult healthy ma le and female ee ls wer(! uscd in Ihis s hl(ly. Their body lengUl s ra ngcd 

from 50-55 em. The fish were caught from Mam::il ll a laj<c (Egyptian sea water) in Marcl1. The dl

gesuve trac ts we re dissec ted and photogra phed. For light microscop ic c)(~mlnaUOIl. specimens 

fro m antelior. middle and posterior regions of oesophagus . stomach and Intestine were prepared 

fo r paraffio $I'dions 15-6IJI. stained with haemal.oxylin am i eosin (H & E). Crossmon's tri chrome. 

periodic acid Schiff reagent and a lclan blue (pH 2 .5). The procedures we re adopted according to 

Bancroft and Stevens (1990) . For tran smiss ion elecl ron microscopic examina tion 01 gastric 

g lands. small pieces of s tomach mucosa were hnfllcdi,",~cly l!.xed In 2 .5% cold glutaraldehyde III 

phosphate burrcr (pH 7 .2J for 24 hours. Then post fix e(1 in 1% cold os mium tetroxide in phos · 

phate burTe r (pH 7.2) for 4 hours. The s pecimens then were d (!hydrated in graded alcohol and 

embedded in araldite resin (Hayat. 1989). Senl\-thln Sections (I 11 In UllcknessJ were s tained 

with 1% toluidine blue to select lhe field for ultrathin sections, mounted In grids, stained with 

uranyl ace tate and lead citrate and examined by J EOt 100 ex tmns mlsslon decO'on micro

scope. 
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RESULTS 

Gross anatomy: 

The lengt h o ( the aHmenlc'U), tract of eel was I·e l;'ll ivd y short. a pproximale ly 40% of the who le 

body le ngth. The oesophagu s was gene ra lly s ha rI. W hile il S a n le rior region wa s wide and fun nel 

shaped. its posterio r region was tubular in shap~. Th~ oesophagu s was fo llowed by direct COfl 

necUon with the s tomach. The s tomach was l on~. s imple tube-like with blinded end (have no a ny 

pyloric caeciJ . The slomach connected lhe InlesHne ;1. the gastrointestinal sphincter. The lotes

(lne was re la ti vely short. it became narrower tOWtw(i ils distal region. tJlen It widened 10 form a 

rectum {FIg. 11. 

Microscopic structure: 

The digestive tract of eel in general showed lite s l 1'1I1'I.,ra l arrangemen t that Is typical of tubu

lar organs. The epithelial mucosal lining was undcrlJlll hy lamina propl;a / submucosa o r fibroe 

lastic connecUve tissue and a (unlca musculus::! ('ompCl~t:cI of Inner circu lar <:Ind outer longitudi

nal layers of smooth muscle fibers. The tract wos covt.:red ex ternally by serosa l laye r. 

Oesophagus: 

The ante rior oesophagus displayed large number of primary. high long itud ina l mucosa l folds 

(l<' lg. 2). The mucosa l folds were covered by s lrn.lifit.:d !'qllulllOU S epithel ium (rIgs. 2 & 31. It in

duded tas te buds. mucous cells and club (alann sllb~ I <Hlce) cells In be tween Its strata (figs. 3 & 

4) . The taste buds were lo ng. pear s haped loca ted in lht.' epithelium of the mucosal fold apices. 

Their s truc ture was represented by light and dark ~ ' a ining cells i'llternaUng wllh each olher 

(FIg. 3). The-: mucous cells were large. spherical In shilpe with foamy cytop las m reacted positively 

to PAS. They were located In Ibe s uperficial cell layers. '01e Ch.lb -s haped (alarm substance) cell 

were la rge po lyhedral. localed al dlfferent levels of' epithelia.l strata (rIg. 4). The laul lna proprla/ 

submucosa was formed of fibrou s layer of conneclive (issue formed Ill oinly of collagenic nbers. 

which exten(lcd to nil the core of mucosal folds IFi.l!. 2). The tunica musculosa was tormed of 

Ihlck layer of longltudtnally arranged striated muscle bundles (FIg. 2) . The anterior oesophagus 

was cove red ex ternally by advenliU a . 

The poslerlor oesophagus dIsplayed broad and 10l.!-! mucosa l folds a lternaUng with s hort trl· 

angular ones. Tbe mucosal folds were covered by ~oJul11nar ce lls. ll1ese cell s formed se rra ted 

margin (FIg. 5). However, there were no goblel cells were located In between Ule IinJng epilheli

urn. the aplcal border of the columnar lining epithelium was reacted puslUvely to pe riod ic acid 

sChlff-reagt:n1 (secretory columnar epithelium). (FIg. 6 ). The la mina proprla / s ubm ucosa was 
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fonned of densely packed connective Ussue which extended t.o Hll the core of the mucosul folds 

(fig. 5) . The tunica musculosa was formed of very Ihtcl{ inner circular and thin outer longitudi 

nally arranged smooth muscle nbers (Figs. 5 & 6 ). The pos te rior oesophagus was covel'ed ex ter· 

nally by serosa Wig. 5). 

Stomach: 

The stomach structure appeared to be undlll crcnll!t! cd into regions along Its length except al 

the sphlnctel' area (gastrointestinal sphinclerl. The IIlUCOsal layer was thrown lip IrHo long, 

broad pyramidal fOlds (FIg. 7). The s tomach wa~ enli rd)' lined by tall columnar cells (figs. 7 & 

8). The lamina propria / submucosa was fornlcd of densely packed ObroelasUc connectlvc tissue 

which extended to IlII the core of mucosal folds Wig. 71. II contained a continuous layer of subep· 

ithellal gastriC glands. -rney were simple branched luhHI<:tr type opened dlrecUy (0 the su rface by 

short ducts (Figs . 7 & 8). The gastriC ducts werl.! lillcd by mlumnar mucous neck cells . The glan · 

dular epithelium was fonned of dominant type of cuboida l cells /FIg. 8) whi ch have no reaction to 

aldan b lue or PAS. Tunica museu/osa was composed of thick Inncr ci rculilr and thin oH\cl- lnngl

ludlnally arranged smooth muscle layers. The s lomaI'll was covered eXlernally by seres;). 

mtrastructure of the gastric glandular cells: 

Transmission electron microscopy demons trated lilrcc lypes of cells lining the gastric glands. 

viz. oxynUcopepUc cells, endocrine cells and basal cell s. 

The oxynti<.:opeptic rr.lJs were cuboidal In s hape with centra lly located s pherical nudel. The 

texture of th e nuclear material was tmifon111y granllbr . The nudeJ In genenli were regularly con· 

toured. however. those may ocr.a::>ionoJly s howed SOllie s urface IndenlaUons (Figs . 9. 10). a lso 

prominent nucleolus with electronopUcally dense n,llr lrt' were evident Wig. 10). The lul e ro l cell 

membranes wcre straight (Figs. 9 & 11) but were elaborately interdigitated greatly to fOl'nl bilsal 

interdigItated whorls at the basa l cell membranes (FI/!, 10). Widely d istributed mitochondria were 

generally loc:lted all over tile cytoplasm (Figs . 9 & (0). Many of their crtstae were see n to trans· 

verse tile full wid til of tile mitochondira (FIgs. 9 & 10 ilnd tl) . Well developed Intracytoplasmic 

tubular network of s mooUl endoplasmic rcUcuhll1l were notable (Figs. 9 & 101. Notable groups 

of rough endoplasmic reticulum tended to be (lrienlt,cl more or less parallel Wig . 9J. Spherical 

electron deose gmnules v.r1th smooUled surfaced I1J elllbrancs were dlsLrJbuted Into the cyl nplas m 

Wigs. 9 & 1 JI. 

The endocrine cells were lodged between Ule oxyn llcopeptt e cells. They were characlerl".ed by 

e lectron lucent cytoplasm and few electron dense granu les. Theil- cohesion with oxyntic:opeptlc 

cells was ensured by numerous desmosomes WIg. II). Thc endocrine ce lls have large ovoid nu

clei with well prominent nucleoli. The nuclei J1<ld clumps or s parsely located heterochromatin 
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whJcb attached peripherally to inner surface 01 llw Illidear membn.llle (FIgs. 11 & 12). Their 

electron lucent cytoplasm contained numerous cistcrllile of smooth endoplasmic reLiculilin. Few 

In[tocbondri8 were occasionally located arollnd the nllr-kar region. The cytoplasmic dense gran

ules were small and uisu-ibuted all over t.he cyloplilslli (Fig. 11). 

The basal cells were small polyhedral ill sllape. They have large rounded nucle! wllh well 

prominent nucleolI. The basal cells showed laleril1 il1h.'rtligit<1t1ons with each oLhers. Their apIcal 

membranes form the InterdlgHated whorls with the bdsdl membranes uf oxynticopcptic cells (FIg. 

12). The cytoplasm orlhe basal cells appeared clark ("I,nlained few cytoplasmic organelles. 

The gastro-lntestinal sphincter: 

The stomach was tennlnated and the intestine \V;l~ iniUated. both regions were sheathed by 

heavy circularly ananged smooth muscle fibers fanning gastro-lntesUnal sphincter (FIgs. 13 & 

14). The stomach at the sphincter area was cOinposcd of" mucosa. submucosa and IllHsculosu. 

The mucosa was thrown into long. highly bmnci1ed 1l11I{"osal folds. The lamina epitheliaJis was 

formed of shop Ie columnar cells having wcll prOlllil1l'lll basely situated nuclcl and apical acido

phll!e cytoplasln. The lamina propria was limned 01" li!)rnclasl!c cunnective tissue extended to nll 

lhe core of lhe mucosal folds. The submucosa was lorllled of loose connecUve tissue. The ab

sence of gaslric glands in this region was the most cli,lracteristic Ceature of this gastriC region. 

Tunlca musculosa was represented by heavy clr{:ularly <llTi.lIlged smooth muscle fibers (musclc 

sphincter) Wig. 13). The intestine at the sphincter area was appeared as several pouches which 

separated by connective tissue septa. The IntcsUnal pouches were lined by hIgh columnar epi

thelium willi basally sltuat.ed prominent (lucki. All III(' inlcsllnal pouches were surrounded by 

inner heavy cil·cularly arrangcd smooth illuscle !)IIlHlics (muscle sphinclcr) (FIg. 14). and outer 

thin longitudinally ancmged SDlOOUl muscle bindlcs. The ~phincLer was covered exLernally hy se

rosa. 

Intestine: 

The Int.estinal structure appeared to be c1t(TcreJlll~j(cd into three regions. Plrstly. anterior In

testine (rcspiratory). Its mucosa was thrown lnlo broad long folds. They were flappy in shape 

leaving a widc lumen in between Wigs. 15 & 16). The lamina epithelia lis was diminished to flat 

or low cuboidal cells {Figs. 16 & l7}. It contains pale staining goblet Uke cells. Subepithelial lym

phocyt1<: Inl11t.ral.lons were occasionally located (Fi.!.!. (7). Lamina proprIa / submucosa was 

ronned of loose fibroelastic connechve tissue cOlllaillillg subepithelial capillary bed. The blood 

venules which were filled with ellIpsoidal blood cells and lined by thin endothelium were 

branched and connected beneath tile lining epithelial cells to form subepithelial capillaries (Figs. 

16 & 17). The tunica musculosa showed a marked rc(llwtion in thickness at this regioll. It was 
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Fig. (19) : A photomJcrograph of a section o f 
lh(: mid-intestinal regIo n of eel show
In/2:. long mucosal fold (f). covered by 
hl/2:11 columnar epltheltwn (arrows) 
containing few goble l r:clls (double ar 
rows). 111e proplia I submucosa wa~ 

fO nllcd of thin layer of flbl"(}{"JasUc COIl 
nec li ve tissue (PI exte nded to form I he 
can.: uf mucosa l folds co n ta ining h ltih 
s ube p ithelia l ly mphocyUc infillrations 
(LJ. !Alclan blue . x400) . 

Fig. (20) : A photomic rograph of longitudina l 
sect Ion of the dis tal Intestinal reg iun 
(rectum) of eel showing. long wavy mu · 
casal folds (arrows). leaving a widc l u 
men in betwee n (L). lamina eplthelialls 
was formed of columnar cells contain 
Ing numerou s goblet ceJls In between 
(donble a rrows ). lamina propria / s ub · 
mucosa Is formed of connective tissue 
mainly coUageruc flbers. Notice the re(:
tal vCllve which formed of circu larly a l" 
rangt:d sm oo th muscle bundles (v). 
(Crossman's trichrome st.. x40). 
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