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Histological structures of the accessory glands of the digestive
system in adult farmed African catfish (Clarias gariepinus B.).
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Abstract: The accessory glands of the adult farmed African catfish were studied. The dark brown coloured
liver histologically was covered by simple squamous cells. The hepatic parenchyma presented hepatocytes in a
diffuse or radial arrangement. Some hepatocytes surrounded the central vein in a rosette-like pattern. The
hepatic sinusoids contained erythrocytes and leukocytes. The liver was PAS positive. The club shaped gall
bladder was green coloured. It presented simple columnar epithelium containing intra-epithelial lymphocytes.
The lamina propria contained loose connective tissue. The diffuse pancreas was histologically seen to span from
the borders of the stomach to the proximal intestine. The main pancreatic duct whose luminal surface was
modified into mucosal folds emptied into the proximal intestine. The pancreatic parenchyma was mostly of
basophilic serous acini containing zymogen granules. Islets of Langerhans were seen interspersed in the
majority exocrine cells. These accessory glands are involved in exocrine and endocrine secretions; bile, lipid,
and glycogen storage.
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l. Introduction

The liver, gall bladder and pancreas of some teleosts have been studied, and their role in digestion and
storage of metabolites, detoxification of injurious compounds, synthesis of proteins and lipoproteins, endocrine
and exocrine secretions and bile salts storage have been reported [1,2,3,4,5].

The histological analyses of the digestive system are used as biomarkers in nutritional status of fish [6,
7, 8]. The liver histology also has been used in assessing effect of feed in fish [9]. Available information from
literature indicates that studies on the liver and kidney histopathology have been used as biomarkers in fuel
toxicosis [10].

Whereas the commercial culture of African catfish in concrete tanks is becoming very popular in
Nigeria [11, 12], the problems of intensive animal production which includes feed management and disease
control is occurring but is largely unreported in available literature. This is because farmers practice
polypharmacy and even fish clinicians lack baseline data on the normal histology of the organs especially those
of digestive system. This is not the case with other teleosts as there are extensive reports in literature [5,13,14],
just to mention a few. A hepatopancreas has been reported in the iridescent shark catfish Pangasius
hypophythalmus [15]; and a spleenopancreas in Barbus pectoralis [16].

In this paper, the normal histomorphology and carbohydrate mucin histochemistry of these organs from
apparently healthy African catfish sourced from commercial aquaculture is reported. The information will fill
the knowledge gap, help fish pathologist in disease diagnosis and generate baseline data for further investigative
research.

1. Materials And Methods

Ten apparently healthy adult African catfish of both sex sourced from a commercial aquaculture in
Eastern Nigeria were used for the study. They weighed an average of 900g and measured a standard body length
of 45cm in length. The fish were euthanized with chloroform. The body cavity was cut open through a mid
ventral incision and the digestive system dissected out. The specimen under study — the liver, gall bladder and
digestive tract (Fig.1) were excised and sections were immediately fixed in 10% neutral buffered formalin.

The tissues were passed through graded ethanol, cleared in xylene, impregnated and embedded in
paraffin wax. Sections 5um thick were obtained with Leitz microtome model 1512. They were stained with
haematoxylin and eosin for light microscopy [17]. Mucins and glycogens were demonstrated using alcian blue
(AB) at pH 2.5 [18,19] and periodic acid Schiff (PAS) procedure with and without prior digestion with diastase
[20,21]. In addition, the PAS technique was employed in combination with AB for neutral and acid mucin [17].
Photomicrographs were taken with — Motican 2001 camera (Motican UK) attached to Olympus microscope.

www.iosrjournals.org 41 | Page



Histological Structures Of The Accessory Glands Of The Digestive System In Adult Farmed African

Il. Results

The liver grossly was dark brown in colour. Histologically, it was covered by simple squamous cells
(fig.2). The hepatic parenchyma contained hepatocytes. The hepatocytes were polyhedral in shape and each
contained very basophilic central nucleus. The hepatocytes were arranged in a diffused or radial pattern
(fig.2,3). Some hepatocytes surrounded the central vein while others surrounded the erythrocyte and leukocyte
containing sinusoids (Fig2,4). There was no trabecula in the lipid and glycogen rich parenchyma (Fig. 3). The
hepatic parenchyma was PAS positive (Fig.5).

The club-shaped gall bladder was grossly green in colour (fig 1). It was lined by simple columnar
epithelium containing intraepithelial lymphocytes and goblet cells (Fig 6,7). The relatively large lamina propria
contained loose connective tissue, lymphocytes and blood vessel (Fig.7 ). The goblet cells were PAS positive.
Grossly, the parenchyma was not a discrete organ. The diffuse pancreas was histologically seen to span from the
borders of the stomach to the proximal intestine. The organ was covered by loose connective tissue (fig.8). The
pancreatic parenchyma contained mostly basophilic serous acini containing zymogen granules (fig. 8, 9). The
few Islets of Langerhans were seen interspersed in the exocrine cells of the parenchyma (Fig 9). The interlobular
duct was lined by simple cuboidal to columnar epithelium with brush border (fig. 10). The main pancreatic duct
whose luminal surface was modified into mucosal folds emptied into the proximal intestine (11). These mucosal
folds were lined by simple columnar epithelium containing mucous cells while the laminar propria core
contained collagen fibres (12). The mucous cells were PAS positive but after AB reaction, the mucous cells at
the base of the fold were strongly AB positive while those at the tip were weakly AB positive. The pancreatic
parenchyma was PAS and AB negative.

FIGURES

Fig.1. Dissected sbecimen of the adult male fish s'howig_the viscera ih_gifu. L,liver; PI, proximal intestine; S,
stomach; Cl,convoluted intestine; GB,Gall bladder; T, Testis
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Fig.2. Section of I|ver showmg hepatocytes HP, in difuse partern Note the central vein C simple squamous cell
(arrow) capsule covering the liver. H&E x400
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Fig. 3. Section of I|vershowmg hepatocytes HP, in dlffuse and radial arrangement Note the absence of hepatic
trabeculae. H&E x400

Fig.4. section of liver showmg erythrocyte contalnlng hepatlc smusmd SD. Note hepatocytes HP arround it.
H&E x4000

Fig.6. Transverse section of the gall bladder showing lumen L,epithelium EP, and Iarnlna propria LP. Note the
blood vessel BV. H&E x100

www.iosrjournals.org 43 | Page



Histological Structures Of The Accessory Glands Of The Digestive System In Adult Farmed African

z S ¢ < - ';}'f—:-"ii = = e
Fig.7. Transverse section of the gall bladder sh

owing simple columnar epithelium EP containing goblet cells
GC, and lamina propria LP. Note the intraepithelial lymphocytes L. H&E x1000

Fig.8. Section of the pancreas showing capsule CP of loose connective tissue. Note the basophilic exocrine
pancreas EX. H&E x400

Fig.9. Section of pancreas showing exocrine glands EX, and Islet of Langerhans IL. Note the abundance of the
exocrine portion relative to the endocrine portion. H&E x400

Fig. 10. Section of pancreas showing the interlobular duct lumen DL, epihelium EP and collagen fibres
CO. H&E x1000
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Fig.11. Section of pancrease PP, showing the main pancreatic duct MD entering the proximal intestine.
AB x400

Fig. 12. Section of the main pancreatic duct mucosal folds showing epitheliufn EP, containing mucous cell
MC. Note the lamina propria LP, core of collagen fibres and fibrocytes. H&E x400

V. Discussion

The hepatocytic arrangement in this study differed from the mammalian type by lacking lobules ,
trabeculae and portal triads. The diffuse to radial arrangement has been reported in other teleosts [9,22]. This
diffuse arrangement may help in the rate of liver functions especially that of detoxification and metabolite
storage, as more cells will be reached faster in an aquatic environment that ingestion of food and water is very
frequent. But this may also quickly expose the liver to injurious materials —thus making it the organ of choice in
researches on teleosts toxicology, histopathologies and nutritional status [9,10,23]. The polyhedral shaped
hepatocytes and their rosette-like arrangement around the central vein of this species has been reported in other
teleosts [24,25]. Liver sinosoids containing erythrocytes has been reported and may suggest active involvement
of the liver in blood circulation [24]. These sinusoids are for easy exchange of materials between the vascular
system and hepatocytes [5]. The PAS positive result that became negative after diastase treatment indicates the
presence of glycogen. This correlates with earlier documented researches of the liver being involved in glycogen
storage [5, 26, 27].

The gall bladder club shape is for accommodation of more bile produced by the liver. The presence of a
gall bladder suggests the need to regulate emulsification of fats as the main cystic duct was seen emptying into
the proximal intestine. The simple columnar epithelium may suggest an organ involved in reabsorption of
materials from the stored bile. The goblet cells may serve as source of carbohydrate to the fish or lubrication of
luminal surface. A simple squamous epithelium resting on lamina propria containing loose connective tissue and
smooth muscle cells has been reported in Diplodus pantazzo and Pandora pagellus [25], but a simple columnar
epithelium as seen in this study has been reported in Seriola lalandi [28]. The lymphocytes are for local specific
defense as part of gut associated lymphoid tissue - GALT [29].

The non-discrete form of pancreas as an organ in teleost is known and this has made most research in
fish pancrease difficult [28, 30]. But with this report of diffuse pancreas located along the borders of the
stomach and proximal intestine, researchers on teleost pancreas can now use this species as their specimen of
choice. The basophilic zymogen containing cells of the exocrine pancreas is for production and storage of
pancreatic enzymes like trypsinogen, elastase and amylase [5]. The eosinophilic Islets of Langerhans are for
hormone production like insulin. The epithelium of the interlobular duct was simple columnar is also in
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literature [5]. The brush border will help move the pancreatic juice towards the main duct. The presence of PAS
positive mucous cells suggests transport of molecules across the cell membrane. The strong AB positive mucous
cells at the base of the main pancreatic duct mucosal fold may suggest and adaptation for protection against
pathogens as more bacteria may accumulation at this location more than at the tip [31].

[1]

[2]
(3]

[4]
[5]
(6]
[71
(8]

[9]

[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]

[21]

[22]

[23]

[24]
[25]
[26]
[27]
[28]
[29]
[30]

[31]

References
H.Segner, Roesch, R., Kloas, W., Hanke, W. (1994). The development of functional digestive and metabolic organs in turbot,
Scophthalmus maximus. Marine Biology, 119,1994, 471 — 486.
E.P.Voronina. Anatomical and histochemical traits of the digestive tract of the Salmonoidei. Journal of Ichthyology, 37(8), 641-653.
L.Ribeiro, C.Sarasquete, M.T.Dinic. Histological and histochemicaldevelopment of digestive system of Solea senegalensis larvae.
Aquaculture, 171,1999,293-308.
C.Domenghini, S.Arrighi, G.Radaeli, G.Bosi,F. Mascarello. Morphological and histochemical peculiarities of the gut in the white
sturgeon. European Journal of Histochemistry, 43, 1999, 135-145.
M.T.Sheibani and M.P.Yali. Histological structures of the accessory glands of the digestive system in adult Caspian sea beluga
(Huso huso). Journal of Applied Ichthyology, 22(1), 2006, 193-195.
K.C.Hall and D.R. Bellwood. Histological effects of cyanide, stress and starvation on the intestinal mucosa of Pomacentrus
coelestis, a marine aquarium fish species. Journal of Fish Biology 47, 1995, 438-454.
B.S.Green,and M.I. McCornick. Influence of larval feeding history on the body condition of Amphiprion melanopus. Journal of
Fish Biology, 55, 1999, 1273-1289.
M.J.Caballero, Izquierdo, M.S., Kjarsvik, E., Montero, D., Socorro, J., AJ.Fernandez,and G.Rosenlund, Morphological aspects of
intestinal cells from gilthead seabream (Sparus aurata) fed diets containing different lipid sources. Aquaculture, 225, 2003, 325-
340.
B.S.Raskovic, Stankovic, M.B., Markovic, Z.Z.,Poleksic.V.D. Histological methods in the assessment of different feed effects on
liver and intestine in fish. Journal of Agricultural Sciences, 56(1),2011,87-100.
U.U.Gabriel, Ezeri, G.N.O. and Amakiri, E.U. Liver and kidney histopathology: Biomakers of NO. 1. Fuel Toxicosis in African
catfish, (Larias gariepinus). Journal of Animal and Veterinary Advances, 6, 2007, 379 — 384.
F.A.A.Olojo, Olurin, K.B., Mbaka, G. and Olumemino, A.D. (2005). Histopathology of the gill and Liver tissues of the African
catfish Clarias gariepinus exposed to lead. African Journal of Biotechnology, 4, 2005, 117 — 122.
A.A.Adewumi, and V.F.Olaleye. Catfish culture in Nigeria: Progress, prospects and problems.  African  Journal  of
Agricultural Research, 6, 2011, 1281-1285.
G.K. Plotnikov and M.T.Proskoryakor. Sturgeon digestive enzyme during early stages of ontogeny. Kuban state university,
Krasnodar. Journal of Ecology, Biochemistry and Physiology,20 (1),1984,16-18.

M.Monsefi,Z. Gholami, and E. Hamid-Reza,. Histological and Morphological studies of digestive tube and liver of the Persian
tooth-camp, Aphanius persicus (Actinopterggii: Cyprimodontidal) IUFS Journal of Biology, 69, 2010, 57 — 64.
S.Reza,N.Gholamreza, and R. Hooman. Histological study of hepatopancrease in Iridescent shark catfish (Pangasius
hypophthalmus). Journal of Animal and Veterinary Advances, 8(7), 2009, 1305-1307.

K.M.Mahmood, H. Morovvati, A Arefi and M. Karamifar. Anatomical and Histomorphological Study of Spleen and Pancreas in
Berzem (Barbus pectoralis). World Journal of Fish and Marine Sciences, 4 (3), 2012, 263-267.
J.D.Bancroft, and Stevens, A.(1977). Theory and practice of histological techniques. (Churchill Livingstone, New York, USA.
H.F.Steedman. Alcian blue 8G: a new stain for mucin. Journal of Microscopic Science 91, 1950,477 — 479.

R.Lev, and S.S.Spicer. Specific staining of sulphated groups with alcian blue at low pH. J. Histochemistry
Cytochemistry 12, 1964,309 — 310.
R.D.Lillie, and J. Greco. Mact diastase ptyalin in place of saliva in the identification of glycogen. Staining Technique. 22, 1947,67
- 70.
E.Ikpegbu, U. C.Nlebedum, O. Nnadozie, and I. Agbakwuru. Fast Green FCF or Ehrlich’s hematoxylin as counterstain to periodic
acid Schiff reaction: A comparative study. Histologic, 54, 2011, 29-30.

E.Rocha,R.A. Monteiro, and C.A. Pereira. The liver of the brown trout, Salmo trutta fario: a light and electron microscope study.
Journal of Anatomy 185, 1994, 241-249.

V.Poleksic, B.Raskovic, Z. Markovic, Z.Dulic, M.Stankovic, I.Zivic, and N.Lakic. Effect of different dietary protein sources on
intestine and liver morphology of carp yearling. Proceedings of the 3" Serbian congress for Microscopy. Belgrade, Serbia Serbian
Microscopy society, 2007 pp.237- 238.

A. Latif, M.Ali,R.Kaoser,R.Igball, K.Umer, M.Latif, S.Qadir and F.Igball. Effect of cadmium chloride and ascorbic acid exposure
on the vital organs of freshwater Cyprinid. Labeo rohita. African Journal of Biotechnology, 11(33), 2012, 8398-8403.

V.Micale, and U.Mughia, Comparative ontogeny of the digestive tract in Sharpsnout sea Bream Diplodus puntazzo C. and common
Pandora Pagellus enthrinus L. The Open Marine Biology Journal, 5,2011, 31 — 34.

E.Gisbert, M.C.Saraequete, P.Williot, and F.Castello-Orvay Histochemistry of the development of the digestive system of Siberian
sturgeon during early ontogeny. Journal of Fish Biology, 55, 1999,596 — 616.

M.Faure, D.Moennoz, F.Montigon, B.F.Laurent, D.Breuille, P.A.Finot,O.Ballevre, and J.Boza. Development of a rapid and
convenient method to purify mucins and determine their in vivo synthesis in rats. Analytical Biochemistry, 307, 2002, 244-251.
B.N.Chen, Qin, J.G., Kumar, M.S., Wayne, H., Clarke, S. Ontogenetic development of the digestive system in yellowtail Kingfish
Seriola lalandi Larvae. Aquaculture. 256, 2006, 489 — 501.

J.X.Park, Kim, I.S. and Kim, S.Y. Structure and mucous histochemistry of the intestinal respiratory tract of the mud loach,
Misgurnus anguithicaudatus (Cantor). Journal of Applied Ichthyology, 19, 2003, 215 — 219.

D. R. Tocher , E. A. Bendiksen , P.J. Campbell, and J. G. Bell. The role of phospholipids in nutrition and metabolism of teleost
fish. Aquaculture, 280, 2008, 21-34.

H.Neuhaus, Van der Marel, M., Caspari, N., Meyer, W., Enss, M.L. and Steinhagen, D. Biochemical and histochemical study on
the intestinal mucosa of the common camp. Cyprinus Carpio L., with special consideration of mucin glycoprotein. Journal of Fish
Biology, 20, 2007, 1523 — 1534.

www.iosrjournals.org 46 | Page



