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SUMMARY: The morphology of the gastrointestinal tract of adult Nile perch was described using standard SEM procedures.
Investigations revealed the presence of cardiform teeth in the oral cavity, goblet cells and finger print-like microtggesrdipalate
and oesophagus lumenal surface. Elaborate patterns and bacterial cells were observed on the stomach lumenal surface and intense
foldings in the intestinal region. These observations provide a better understanding of the morphology of the gut in alile lpewch
it is suited for its digestive function.
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INTRODUCTION

The digestive system is as important as food is therefore to examine the surface architecture of the
survival in animals. The anatomical characteristics of thigastrointestinal tract of Nile perch so as to better the
system are dependent upon the food, habitat, and nutritiooatlerstanding of features of this tract in relation to its function.
status of the organism (Delashatial, 2010). In fish, the
morphology of the gastrointestinal tract explains how food
is acquired, ingested, digested and assimilated (Eadly MATERIAL AND METHOD
1998; Garcia-Hernandet al, 2001; Cheret al, 2005;

Ostaszewskaat al, 2005). Gastrointestinal scanning

electron microscopy (SEM) investigations have been widefyample collection Two adult Nile perch samples weighing

used to provide a detailed anatomical description that bett&lsg and 5kg were used in this study. The samples were

the understanding of the operation of this system in fishesllected from Lake Victoria in Uganda, in waters around

Yashpakt al (2006), have used this technique to investigat€iggungu fish landing site, located 32° 26’ 15" E, 00° 2’

the surface architecture of the mouth cavity of Rita rita§9” N using long lines (hook No. 4 — 9).

Carrassén & Matallanas (2006) used SEM to study the

digestive tract in Dentex dentex; while Imtiyaz & AshokScanning Electron Microscopy (SEM) The oral cavity was

(2010) used the same technique to examine the intestingtessed by examining the head. The head was excised with

tract of Schizothorax curifrons. a sharp knife just behind the operculum and fixed in 10%
formalin followed by 100% alcohol for three days before

Nile perch (ates niloticu$ is a freshwater theywere air drying. It was then split into two equal portions;
carnivorous fish occuring commonily the Lake Victoria basione half was soaked in bleach (1% Sodium hypochlorite)
and along the Nile River system. Limited information iso soften the tissues attached to the bones. Teeth patches
documented about the morpholgy of its digestive systefrom the vomer, premaxilla, palatine, pterygoid, dentary,
(Namulaweet al, 2011), which limits the understanding oftongue, gill rakers and pharynx were teased out and air dried.
how this sgtem functions. The objective of this study waShese were then critical dried for 1.5 hours.
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The Gut section was accessed by dissecting IVRESULTS
samples (sedated with clove oil) through an abdominal incision
that revealed the digestive system. Small pieces (2x4 mm) of
gut sections (tongue, oesophagus, stomach, intestine, and liv@ral cavity. Observations of the oral cavity made by the
were fixed in 2.5% glutaraldehyde buffered in 0.1 M phosphaEM showed that the teeth on all the oral plates (dentary,
in 2 ml Eppendorfs. The soft gut pieces were dried in alcohpharyngeal, palatine, vomer, and premaxilla), on the gill
of increasing concentration (30%, 50%, 70%, 80% 90%akers and gill arches were cardiform, they had sharp
100%), and then critical point dried for 1.5 hours. The criticahonocuspid tips, wedge shaped- obliquely tunicate flattened
dried gut and teeth specimens were each mounted omrowns that bent towards the tip (Fig. 1). All teeth were
aluminium studs and gold sputtered in a Balzer Uniodirected towards the inside of the oral cavity and the pharynx;
sputtering Device model FL-9496 for 40 minutes. The golthe teeth had hollow round bases that fit into round cups in
sputtered specimens were then scanned using a Vega TESGA8Iplates. Teeth counts indicated that the teeth length ranged
Scanning Electron Microscope Model TC100, at a high voltadgetween 120 and 400 mm, while their density (number of
of 20.00 KV. Teeth measurements and counts were also ddaeth per square micro meter) ranged between 65 teeth and
using the Scadium (Based on Analysis FIVE) software. 400 teeth per square micro meter. The tongue surface was

o V4 o S 3 : -

Fig. 1. SEM micrographs of the teeth on the dlfferentplates in the oral cavity.
Fig. 2. SEM micrographs of the surface of the tongue. Notice the fungiform papilla coverlng the tongue surface.

Fig. 3. SEM micrograph of the surface of the soft palate Notlce the goblet ceII (GB) and the surface with finger prlntelridges (MR)
Fig. 4. SEM micrographs of the surface of the hard palate. Notice the surface folds.
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covered with bacterial cells and papilla (Fig. 2). The surfac&omach.Different patterns of folds were observed on the
of the soft palate was covered by a layer of mucus, gob&bmach lumenal surface in the different stomach regions.
cells with a diameter of 28 - 50 mm, surface cells witfthe surface in the cardiac region had a zigzag appearance
fingerprint-like micro ridges and bacterial cells (Fig. 3)with troughs and crests and gastric pit openings with a
while the hard palate surface was folded (Fig. 4). diameter of 8 mm - 12 mm (Fig. 6). The stomach surface in
the fundic region &d the apical epithelial cells arranged in a
Oesophagus The oesophagus surface was irregular witmat-like pattern (Fig. 7). Sections of the lumenal surface of
finger print-like micro-ridges. It was also covered with dhe fundic region appeared with polygon-shaped cells with a
layer of mucus and bacterial cells (Fig. 5). diameter of 23-37 mm (Fig. 8). The epithelium at the blind

A A T ‘{ ﬁ % ahon 1RV - e _:: A YN § L 55
Fig. 5. SEM micrographs of the oesophagus lumen surface. Notice the mucus patches (MP) on the surface and the polygon-shaped
surface cells (SC) with finger print-like micro ridges (MR).
Fig. 6. SEM micrograph of the lumenal surface in the cardiac region of the stomach. Notice the gastric pit openings etwegring b
surface apical cells and the zigzag pattern.

2

Fig. 7. SEM micrographs of the lumenal surface of the fundic region of the stomach. Notice the undulating pattern.
Fig. 8. SEM micrographs of the lumenal surface of the fundic region of the stomach. Notice the honey comb-shaped pattern.
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end was covered by a layer of mucus and gastric pits (Fig. @ig. 13), middle (Fig. 14) and hind intestine (Fig. 15)
Bacterial cells commonly occurred in all the stomach regiomsmenal surfaces were greatly folded and covered with
while the pylorus surface (Fig. 10) and pyloric sphincter regiamucus. The surface folds in the different sections also had
were covered by mucous and greatly folded (Fig. 11). different patterns. The folds in the caeca, anterior and middle

intestine were more elaborate compared to those observed
Pyloric ceaca and intestineThe ceaca (Fig. 12), anteriorin the hind intestine.

Fig. 9. SEM micrograph of the lumenal surface of the blind end region of the stomach. Notlce the mucous coverlng thcdstthace an
gastric pit openings.
Fig. 10. SEM micrographs of the lumenal surface of the pylorus region of the stomach. Notice the mucus covering thelsurface cel

Fig. 11. SEM micrographs of the lumenal of the pyloric sphincter region of the stomach. Notice the muscle foldg.
Fig. 12. SEM micrographs of the lumenal surface of the caeca. Notice the folding of the lumen surface.
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Nile perch may explain how live prey is captured,
effectively held and pushed down the oesophagus without
breaking into pieces. Similar dentition indicating piscivory
have been observed in other predatory fish, such as
Barramundi with villiform teeth (Russell, 1987); pike perch
with cardiform and canine teeth (Specziar & Bir6, 2003),
and in the largemouth bass with villiform teeth (Tamilselvi,
2010).

Swallowing in this fish is probably eased by the
presence of the mucus in the buccal cavity which was
observed by SEM. The mucus serves to reduce friction in
the path of entry of the prey making swallowing possible.
The fingerprint-like micro ridges observed on the surface
cells in the oral cavity and oesophagus in Nile perch are
similar to those reported Bolea senegalensférellano
et al, 2001), inDentex dentegCarrasson & Matallanas),
in Seriola dumerill(Grauet al.,1992), inRita rita (Yashpal
: # T G et al), and in several other seawater and freshwater fishes

gt - 1Y : \ (Meisteret al, 1983). These ridges have been thought to
) . L o _play an important role of protecting the buccal-oesphageal
Fl\ll%ti{:% tshimg '(;’L(:T?é?]p:jr?;zeiS'”é?:gﬁ)llsfglrgae%e of the hind 'mesmgewface from trauma and providing an anchor to the mucus
' secreted from the goblet cells (Wilson & Castro, 2010).

This observation suits the function of micro ridges
DISCUSSION observed in the Nile perch, since it ingests live prey that
could inflict trauma to the oral cavity and oesophageal

regions on ingestion.

SEM investigations of the oral cavity in Nile perch
indicate the presence of a uniform cardiform detention onthe ~ The stomach surface in Nile perch has an irregular
oral plates, confirming that Nile perch is an obligate piscivorduminal surface, manifesting varying complicated patterns.
The cardiform, monocuspid sharp crowned teeth observedTihis observation has been citeddmchorynchusmykiss
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(Ezeasor & Stokoe, 1980), iMystus aor(Sinha & into the intestine. This phenomenon may be possible in the

Chakrabarti, 1986), and Rhamdia quelefHernandezt Nile perch given the fact that the material observed to leave

al., 2009). These complex foldings probably provide for thihe stomach through the pyloric sphincter to the caeca is

extension of the stomach capacity during ingestion afiishely broken down, indicating that the sphincter is a means

increase the surface area during digestion. of ensuring effective chemical digestion before absorption
proceeds in the intestine.

Bacterial cells were observed in the oral cavity,

oesophagus and in the stomach of Nile perch. Similar bac-  The lumenal of the caeca and intestine are greatly

teria may occur in the intestine; however, the techniquéslded. Similar observations have been reported by Imtiyaz

used in this study were not efficient to identify them in tha& Ashok in the intestine oBchizothorax curvifornghese

region. Gut flora has been reported in lower organisms suchmerous folds suggest a means of increasing the surface

as abalone (Erasmug al., 1997), and in several higher area of assimilation in this region.

vertebrates such as humans (Eckbetrgl, 2005), cattle

(Maki & Picard, 1965), mice (Rawlst al, 2006), frogs

(Pryor, 2008), and other fish (Sugéhal, 1989; Bairaget CONCLUSION

al., 2002; Voverienet al, 2002; Ringet al, 2003; Korneva,

2008). Observations by Bairagt al, indicate gut micro

bacteria as an important source of amylase, cellulose, lipase = The morphology of the digestive system of Nile perch

and protease, while Voveriereal, has recorded their role is characterized by several teeth cardiform teeth that are

in hydrocarbon degradation in the fish gut. The presenceetfficient for prey capture, a mucous layer that eases food

bacteria in the Nile perch gut may suggest their role imovement, bacterial cells and an extensively folded stomach

chemical digestion and defence as observed in the other fiahd intestinal luminal surfaces which aid digestion and

making the Nile perch gut more efficient, however, morassimilation. These findings provide a better understanding

investigations need to be performed to prove this possibilityf the structure and functioning of the digestive system in
this fish.

The pyloric sphincter in Nile perch is characterized

by several muscular foldings. This sphincter occurs in several

vertebrates (Smitlet al, 2000) and in many fish speciesACKNOWLEDGEMENTS

(Buddington & Christofferson, 1985; Bergmetral,, 2003).

Some authors (Cai & Gabella, 1984; Sundh 2009) have

indicated that this sphincter remains closed until all the The authors appreciate the financial support from the

chemical digestion is completed in the stomach before thidorld Bank, through the Uganda National Council of

digesta moves on, thereby controlling the release of fo&tience and Technology.
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RESUMEN: El objetivo fue describir la morfologia del tracto gastrointestinal de la perca del Nilo adulta mediante microscopia
electronica de barrido estandar. La investigacion reveld la presencia de dientes cardiformes en la cavidad oral, déluteess calici
microcrestas como huellas digitales en el paladar duro y la superficie luminal del es6fago. Se observaron patronesasabonaalos,
bacterias en la superficie luminal del estémago, y plegamientos marcados en la region intestinal. Estas observacionepuoporcio
mejor comprension de la morfologia del intestino de la perca del Nilo y como se adapta para su funcién digestiva.

PALABRAS CLAVE: Tracto gastrointestinal; Lates niloticus; Microscopia electrénica de barrido.
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