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ABSTRACT

The digestive tracts were obtained from stx healthy adult male and female eels. a
migrating teleost, the tract was differentiated into oesophagus, stomach and intestine.
Specimens from each were processed for light microscopy. Small pleces from gastric
rmucosa were processed for electron (transmission) microscopic examination of gastric
glands. The results revealed a wide structural reglonal varlations tn the oesophagus.
While, the mucosal lining of its anterior region was formed of stratified sgucmous
eptthellum contalning taste buds, mucous cells and club (alarm substance) cells, [t was
replaced by simple columnar secretory eplthelium forming semrated outlines at its
posterior region. On the other hand, the tunica musciudosa was formed of thick striated
muscle bundles at the anterior reglon, wwhich replaced by thick Inner clreular and thin
outer longttudinal smooth muscle bundles at the posterior reglon. The structure of the
gastric wall not showed reglonal differentiation. Jt was lined by high columnar cells.
The gastric durts were lined by mucous neck cells. The gastric glands were tubular in
shape and lined by dominant cidboldal cell type. On the basts of ultrastructuwral
features, the gastric glandular cells cowld be differentiated into oxynticopeptic cells,
endocrine cells and basal cells. The ltestinal tract showed an excellent reglonal
differentiation. The antertor (respiratory) region was charactertzed by dimintshed tow
cuboldal lining eptthelium followed by highly vascular lamina propria contalning fine
capiliary bed well branched and extend to nvest the epithelial lining. These features
were assoclated with reduction of tunica muscuosa and well -developed vascular
serosa. The Uitestine at the mid-reglon and at the posterior region showed long
mucosal folds and lined by high columnar epithellum containing goblet cells in
between. The goblet cells were (ncreased through the lining epitheliun of the posterior
reglon (rectwn).
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It can be concluded that, the digestive tract of cel may exert compound functions:
taste. digestion as well as resptration (intesiinal air breather teleost) to be adapted (o

its habitat.

INTRODUCTION

The allmentary tract of teleasts has attracted a considerable Interest because of its diversity of
Jormm which has been related to diet (Anderson, 1986). |listologlcal studies of the gut has been
usefu) to assess discase problems (Moinar, 1989). nulrillonal siress (Domeneghini et al.,
2002) and environmental toxiclty (Crespo et al., 1986) as well as physiological adaptalions to

temperature changes (Lee and Cossins, 1988).

The eel, Anguilla anguilla L. (s a camlvorous fish (Landau, 1992). lives most of {ts life span in
fresh water. It migrates to sea water jn spawning (Swmich, 1999). its high commercial value
makes its culture economically important In Japan. Ialwan and recently In Egypt (El-Dosoky,
2001). Little reports can be obtalned In literalures on ihe histological structure of the cel diges-
Uve tract The present tnveslgaton almed Lo pul a light spol ou the microscopical structure of
the eel digestive tract In the Egyptian sea water 10 be a guide for studying pathological or physio-

logical alterations, eitber related to infectious or arfificial dlets.

MATERIAL AND METHODS

Six adult healthy male and (emale eels were uscd in (his stucdy. Their body lengths ranged
from 50-55 cin. The fish were caught from Manzalla lake (Egyptlan sea water) in March. The di-
gestlve Lracls were dissected and photographed. For light microscopie cxamination. specimens
from anterior. middle and posierlor regions of oesophagus. stomach and lntestine were prepared
for paraflio scetions (5-6p). stained with haemaioxylin and eosin {H & E}. Crossmon’s trichrome.
perlodic acid Schiff reagent and alclan blue (pH 2.5). The procedures were adopted according to
Bancroft and Stevens (1990). For transmission cleciron mleroscople examination of gastric
glands. small pleces of stomach mucosa were immcedialcly fixed in 2.5% cold ghitaraldehyde [n
phosphate buflfer (pH 7.2) for 24 hours. Theo post lixed in [% cold osmium tetroxide in phos-
phate bufler (pH 7.2) for 4 hours. The specimens then were dehydrated jn graded alcohol and
embedded jn araldite resin (Hayat, 1889). Seni-thin sections (1 p In thickness) were stalned
with 1% toluidine blue to select the [ield for ultcathin sectlons, mounted In grids, stalned with
uranyl acelale and lead cltrate and examined by J1<OL 100 CX transmlission electron micro-

sCope.
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RESULTS

Gross anatomy :

The length of the allmentary tract ol eel was velalively shorl. approximately 40% of the whole
body length. The oesophagus was generally shorl. Winle 13s anterior reglon was wide and funnel
shaped, Its posterior region was tubular in shape. The vesophagus was [bliowed by direct con-
nection with (he stomach. The stomach was long. slmple (ube-llke with blinded end (have no any
pyloric caecl). The stomach connected the intestine a1 the gastrointestina) sphincter. The Intes-
line was relatively short, it became narrower toward its clista) region, then It widened io form a

rectum (Fig. 1).
Microscopic structure :

The digestive tract of eel in general showed the struciural arrangement that s typlcal of tubu-
lar organs. The epithellal mucosal lining was underlain by lamina propria / submucosa ol fibroe-
lastic connectlve tssue and a {unica musculosa composed of Inner clrcular and outer longitudi-

nal layers ol smooth muscle fibers. The tract was covered cxlernally by serosal layer.
Oesophagus :

The anterjor oesophagus displayed large number of primary. high longttudinal mucosal (olds
(Fig. 2). The mucosal folds were covered by strafilicid squaimnous epithellunm (Figs. 2 & 3). It in-
cluded taste buds. mucous cells and club (alann subsiance) cells in belween its strata (Figs. 3 &
4). The taste buds were long. pear shaped localed in the eplthelum of the mucosal fold apices.
Thelr structure was represented by light and dark staining cells allernating with each other
{Fig. 3). Thc mucous cells were large. spherical in shape with foamy cyloplasm reacted positively
to PAS. They were located in the superficial cell laycrs. The club-shaped (alarm substance) cell
were large polyhedral, located at different levels of epillielial strata (Fig. 4). The lamina propria/
submucosa was (ormed of flbrous Jayer of connectlve tissue formed mainly of collagenic libers,
which extended to NIl the core of mucosal folds {Ifig. 2). The tunica musculosa was lormed of
thick layer of longitudinally arranged striated mwscle bundles (Fig. 2). The antcrior ocsophagus

was covered exlernally by adventita.

The posterior oesophagus displayed broad and long mnucosal lolds alternating with short trl-
angular ones. The mucosal folds were covered Ly columnar cells. These cells formed scrrated
margin (Fig. 5). However, there were no goblel cells were Jocaled in between the lining epitheli-
um, the aplcal border of the columnar lining epithelium was reacted posilvely (o pertodic acid
schiff-reagent (secretory columnar epithelium). (Fig. 6). The lamina propria / submucosa was
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formed of densely packed connectlve tissue which extended to fill the core of the mucosal lolds
(Fig. 3). The tunlca musculosa was formed ofl very thick innec circular and thin outer Jongltadi-
nally arranged smooth muscle {ibers (Figs. § & §). The posterior oesophagus waus covered exter-

nally by serosa (Fig. 5).
Stomach:

The stomach stracture appeared to be undillerentafced into reglons along jis length except at
the sphincter area (gastrolntestinal sphincler). The mucosal layer was thrown up Into long,
broad pyramidal folds (Flg. 7). The stomach was eniirely tined by tall columnar cells (Figs. 7 &
8). The lamina propria / submucosa was formed of densely packed fibroelasUc connectlve tissue
whlch extended to fllj the core of mucosal folds (Iig. 7). It contalned a continuous layer of subep-
ithellat gastric glands. They were simple branched tuimiar type opened directly to the surface by
short ducts {Figs. 7 & 8). The gastric ducts were lined by columnar mucous neck cells. The glan-
dular eplthelium was formed of dominant type ol cuboidal cells (Fig. 8) which have no reuaction to
alcian blue or PAS. Tunica musculosa was composed of thick inner circular and thin ouler longi-

ludinally arranged smooth muscle layers. The stomach was covered externally by serosa.
Ultrastructure of the gastric glandular cells :

Transmlssion electron microscopy demonstrated tluee types of ¢cells linlng the gastric glands.

viz., oxynticopeptic cells. endocrine cells and basal cells.

The oxynllcopeptic colls were cuboldal In shape wilh centrally located spherical nuclel. The
texture of the nuclear material was unilomuy granular. The nucle in general were regularly con-
toured, however, those may occasionally showed some sorface indentalions (ffigs. 9. 10), also
prominent nucleolus wlith electranoptically dense natnee were evident (Flg. 10). The lateral cell
membranes were straight (Figs. 9 & 11) but were elaborately interdigitaled greatly to form basal
fnterdigitated whorls at the basal cell membranes (Fig. 10). Widely distributed mitochondria were
genecally loc.ited all over the cytoplasm (Figs. 9 & 10). Many of thelr cdstae werc seen to trans-
verse the (ull width of the mitochondira (Figs. 9 & 10 and 11). Well developed intracytoplasmic
tubular network of smooth endoplasinic reticuhinn were notable (Figs. 9 & 10). Nolable groups
ol rough cndoplasmic reticulum tended (o be arienled more or less parallel (Fig. 9). Spherical
clectron dcose granules with smoothed surfaced wembranes were dislrjbuted Into the cytaplasm
(Figs. 9 & 11).

The endocrine cells were lodged between the oxynticopeptic cells. They were characlerized by
electron lucent cytoplasm and few electron dense granules. Their cohesion with oxynticopeptlc
cells was ensvred by numerous desmosomes ([Fig. 11). The endocrine cells have large ovoid nu-

clel with well prominent nucleoll. The nuclel had cfamps of sparsely located heterochromatin
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which attached peripherally to inner surface ol the miclear membrane (Figs. 11 & 12). Thelr
clectron lucent cytoplasm contained numerous cistcrnic of smooth endoplasmic reticulum. Few
mitochondria were occasjonally located around the muclear region. The cytoplasmic dense gran-

ules were small and distributed all over the cytoplasn (Fig. 11).

The basal cclls were small polyhedral in shape. Thicy have large rounded nuclei with well
prominent nuclcoli. The basal cells showed lateral interdigitations with cach others. Their apleal
membranes lorm the Inlerdigitated whorls with the basal membranes of oxynticopeptic cells (Fig.

12). The cyloplasm of the basal cells appeared dark contained few cyloplasiic organelles.
The gastro-intestinal sphincter :

The stomach was terminated and the inlestine was initlated. both reglons were sheathed by
heavy circularly arranged smooth muscle fibers lorming gastro-intestinal sphincter (Figs. 13 &
14). The stomach at the sphincler arca was composcd of mucosa, submucosa and musculosa.
The inucosa was thrown into long. highly branched mucosal folds. The lamina epithelialis was
formed of stmple cotutnnar cells having well promineint basely situaled nuclef and apical acido-
philic eytoplasin. The lamina propria was lormed ol libroclastic conneclive tissue extended to fill
the core of (he mucosal folds. The submucosa was lormed of loose connective tssue. The ab-
sence of gasliric glands in this reglon was the most characteristic feature of this gastric region.
Tunica musculosa was represenled by heavy circularly arranged smooth muscle fibers (muscle
sphincter) (Fig. 13). The Inlestine at the sphincter area was appeared as several pouches which
separated by connective tissue septa. The intestinal pouches were lined by high columnar epi-
thellum wilh basally sltuated prominent nuclei. All 1he intesfinal pouches were surrounded by
inner heavy circularly arranged smooth muscle bundles (imuscle sphincter) (Fig. 14). and outer
thin longitudinally amanged smooth muscle bindles. The sphincler was covered exlernally by se-

rosa.
Intestine:

The Intestinal structure appcared to be diffcrentlaicd inlo three regions, Firstly, anterior in-
testine (respiratory). Its mucosa was thrown inlo broad long folds. They were flappy in shape
leaving a wicle lumen {n between (IFigs. 15 & §G6). The lamina epithelialls was diminished to flat
or low cuboidal cells {Figs. 16 & 17). It conlains pale staining gobjet like cells. Subeplthelial lym-
phocytlc inflltratlons were occaslonally located (Fig. 17). Lamina proprla / submutosa was
formed of loosc fibroelastic connective lissue containing subepilhelial capillary bed. The blood
venules which were fllled with ellipsoidal blood cclls and lined by thin endothelium were
branched and connected beneath the lining epithelial cclls to form subepithelial capillaries (Figs.

16 & 17). The tunica musculosa showed a marked reductlion in thickness at this region. It was

Mansoura, Vet. Med. J. Vol. VI, No. 2, 2004



Sawsan M. Ghattas
104

Fig. (19) : A photomicrograph of a sectlon of
the mid-Intestinal region of ecl show-
Ing. long mucosal fold (F). covered by
high columnar epithelluin (acrows)
containing few goblet rells (double ar-
rows). The proprla / submucosa was
formed of thin layer of flbroelastle con-
ncelive tssue (P) extended to form (he
corc of mucosal folds containing high
subepithellal lymphocytic infllrations
(L}. (Alcian blue, x400).

Fig. (20) : A pholomicrograph ol longitudinal
section of the dtstal intestinal region
(rcctum} of eel showing. Jong wavy mu-
cosal folds (arrows). lcaving a wide lu-
mcn in between (L). Lamlina epithelialis
was formed of columnar cells contain-
ing numerous goblet cells in between
(double arrows). Lamina propria / sub-
nucosa 1s formed of connective tissue
mainly collagendc fibers. Nofice (he rec-
{al valve which formea of clrcularty ar-
ranged smooth muscle bundles {v).
{Crossmon’s trichrome st.. x40).
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