
Introduction

The existence of endocrine cells has been
histochemically demonstrated in the digestive tract of
some species of teleost (1-3). Using electron microscopic
techniques, classification has been based mainly on
ultrastructural characteristics of the secretory granules
(3-5) without the hormonal content having been clearly
stated.  Some cell types have, however, been identified
with immunocytochemical techniques using several
antisera against mammalian hormones which cross react
with endocrine cells of the digestive tract of teleost (6-
11).

Gastrointestinal endocrine cells have previously been
observed in different species of tilapia (Oreochromis
mosambicus) (7). In the present paper the
gastrointestinal tract of teleost, Nile tilapia (Oreochromis

niloticus), has been studied using peroxidase-
antiperoxidase (PAP) and the peroxidase linked avidin-
biotin complex (ABC) techniques. The results obtained
have been compared with those indicated by other
authors studying different fish species using various
antisera and amplify our knowledge of the endocrine cells
of digestive tract of Oreochromis niloticus whose
gastrointestinal endocrine cells have been studied recently
(11).

Materials and Methods

15 specimens of Oreochromis niloticus measuring 20-
25 cm were used in this study. The fishes were killed by
decapitation. Samples of stomach, anterior and posterior
intestine were fixed in 4% neutral-buffered
formaldehyde for 24 h. They were then dehydrated
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through graded ethanol and embedded in paraffin. 7 µm
thick sections were obtained and processed for
immunohistochemical staining.

Immunohistochemical staining was carried out by
using the peroxidase-antiperoxsidase (PAP) method and
the peroxidase linked avidin-biotin complex (ABC)
methods. Blocking of endogenous peroxidase was carried
out with 0.08% hydrogen peroxide (H2O2) in methanol
for 5 minutes (12). In order to block unspecific binding,
an incubation with (1:10) normal goat serum in 0.1 M
phosphate buffered saline (PBS), pH 7.2 was performed.

a. ABC technique. Sections were incubated for 16-
20 h at 4 oC in mouse anti-calbindin (Sigma), mouse anti-
glucagon (Sigma) or mouse anti-insulin (Sigma).
Antibodies were diluted to 1:200, 1:1500 and 1:1000 in
PBS containing 0.25% sodium azide and 2.5% bovine
serum albumin respectively. Sections were then incubated
in biotinylated sheep anti-mouse IgG (Sigma), followed by
streptavidin-biotinylated horseradish peroxidase complex
(Sigma), both at a dilution of 1:50 in PBS, for 1 h at
room temperature. Sections were washed in PBS for 30
min after each incubation. Sections were then immersed
in glucose oxidase-DAB-nickel ammonium sulphate (GDN)
substrate (13) for 10 minutes, washed in distilled water
and counterstained with eosin.

b. PAP technique. Sections were incubated for 16-
20 h at 4 oC in rabbit anti-gastrin (Sigma), rabbit anti-
substance P (Sigma), rabbit anti-somatostatin (Sigma),
rabbit anti-serotonin (Sigma) or rabbit anti-calcitonin
gene related peptide (Sigma). Antibodies were diluted to

1:200, 1:200, 1:200, 1:200 and 1:100 in PBS
containing 0.25% sodium azide and 2.5% bovine serum
albumin, respectively. Sections were then incubated in
goat anti-rabbit IgG (DAKO), followed by rabbit
peroxidase anti-peroxidase complex (Sigma), both at
dilution of 1:50 in PBS, for 1 h at room temperature.
Sections were washed in PBS for 30 min after each
incubation and finally immersed in GDN substrate (13)
for 10 min. After washing in distilled water and
counterstaining with eosin, sections were dehydrated and
coverslips mounted with DPX.

The specificity of each immunohistochemical reaction
was determined as recommended by Sternberger (14),
including the replacement of specific antiserum pre-
incubated with its corresponding antigen.

Sections were examined with light microscope and
photographs were taken.

Results

The positive reaction of serotonin immunoreactive
endocrine cells were only found in the stomach by using
PAP technique (Figure 1). No immunoreactivity was
observed in the intestine by using PAP technique.

Glucagon-immunoreactive cells were not identified in
the stomach. Glucagon containing cells were observed in
the anterior and posterior intestine by using ABC
technique (Figure 2). Somatostatin containing cells were
only seen in the posterior intestine by using PAP
technique (Figure 3).
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Figure 1. Serotonin-immunoreactive cells in the stomach of
Oreochromis niloticus (arrows) by using PAP technique.
x400

Figure 2. Glucagon-immunoreactive cells in the anterior intestine of
Oreochromis niloticus (arrows) by using ABC technique.
x400



No calbindin, insulin, substance P, calcitonin gene-
related peptide or gastrin immunoreactive cells were
identified.

Discussion

The occurrence of serotonin immunoreactivity has
been described for gastrointestinal endocrine cells and
nerve fibres of several teleosts. In some species,
serotonin immunoreactive endocrine cells seem to be
restricted to the stomach (15), which corresponds to
their absence in stomachless fish (16). The present study
also showed serotonin immunoreactivity only in the
endocrine cells of tilapia stomach. Immunoreactivity was

not observed in the intestine. Our result also confirms
previous observations in the same species (11). The
excitatory effect of serotonin on gut motility has been
well established in Gadus morhua (17) and a mechanism
involving its action on cholinergic neurones has been
proposed (18).

In the present study, glucagon immunoreactive cells
were only found in the intestine of Oreochromis niloticus.
The general distribution pattern for glucagon
immunoreactive cells is different for teleosts, they appear
in the intestine (6,15), while in cartilaginous fishes they
are located in the gastric mucosa (19). Mugil saliens is the
only teleost in which glucagon positive cells have been
detected in the upper part of the gastric gland (20) using
other antisera against pancreatic glucagon.

Several authors (15,21-23) have described
somatostatin immunoreactive cells exclusively in the
stomach of teleosts. However, in the present study,
somatostatin immunoreactive cells are found only in the
intestine. This discrepancy is likely to be due to species
differences. As somatostatin is known to be the paracrine
inhibiting factor in gastrin release (24), its absence in the
stomach also supports the non-existence of gastrin cells in
the stomach of Oreochromis niloticus. These results
confirm previous data (11).

The absence of positive staining for some of these
hormones (insulin, substance P, CGRP and calbindin) does
not necessarily indicate their absence, but possibly that
the fish hormones do not cross react with antibodies of
their mammalian counterparts.
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Figure 3. Somatostatin-immunoreactive cells in the posterior intestine
of Oreochromis niloticus (arrows) by using PAP technique.
x200

References

1. Fange, R.: Pharmacology of poikilothermic vertebrates and
intervertebrates. Pharmacol. Rev., 1962; 14: 281-316.

2. Read, J.B., Burnstock, G.: Fluorescent histochemical studies on
the mucosa of the vertebrate gastrointestinal tract. Histochemie,
1968; 16: 324-332.

3. Rombout, J.H.M.: Enteroendocrine cells in the digestive tract of
Barbus conchonius. Cell. Tissue Res., 1977; 185: 435-450.

4. Ling, E.A., Tan, C.K.: Fine structure of the gastric epithelium of
the coral fish Chelmon rostratus. C. Okajimas. Folia. Anat.
Japan.,1975; 51: 285-310.

5. Noaillac-Depeyre, J., Gas, N.: Ultrastructure of endocrine cells in
the stomach of two teleost fish, Perca fluviatilis L. and Ameriurus
nebulosus L. Cell. Tissue Res., 1982; 221: 657-678.

6. Beorlegui, C., Martinez, A., Sesma, P.: Endocrine cells and nerves
in the pyloric ceca and intestine of Oncorhynchus mykiss: an
immunocytochemical study. Gen. Com. Endocrinol., 1992; 86:
483-495.

7. Kiliaan, A., Holmgren, S., Jonsson, A.C., Dekker K., Groot J.:
Neurotensin, substance P, gastrin/cholecystokinin and bombesin
in the intestine of the tilapia (Oreochromis mosambicus) and the
goldfish (Carassius auratus): immunochemical detection and
effects on electrophysiologic characteristics. Gen. Comp.
Endocrinol., 1992; 3: 351-363.

8. Olsson, C., Holmgren, S.: Distribution of PACAP (pituitary
adenylate cyclase-activating polypeptide)-like and helospectin-like
peptides in the teleost gut. Cell. Tissue. Res., 1994; 277: 539-
547.



Immunohistochemical Identification of Peptide Hormones in the Endocrine Cells of the Gastrointestinal Tract of the Oreochromis niloticus

210

9. Barrenechea, M.A., Lopez, J., Martinez. A.: Regulatory peptides in
gastric endocrine cells of the rainbow trout, Oncorhynchus
mykiss: general distribution and colocalizations. Tissue Cell.,
1994; 26: 309-321.

10. Reinecke, M., Muller, C., Segner, H.: An immunohistochemical
analysis of the ontogeny, distribution and coexistence of 12
regulatory peptides and serotonin in endocrine cells and nerve
fibres of the digestive tract of the turbot, Scophthalmus maximus
(Teleostei). Anat. Embryol. (Berl), 1997; 195: 87-101. 

11. Pan O.S., Fang Z.P., Huang F.J.: Identification, localization and
morphology of APUD cells in gastroenteropancreatic system of
stomach containing teleost. World J. Gastroenterol., 2000; 6:
842-847.

12. Sternberger, L.A.: Immunocytochemistry. 3rd ed., John Wiley,
New York. 1986.

13. Shu, S., Ju, G., Fan, L.: The glucose oxidase-DAB-nickel method
in peroxidase histochemistry of the nervous system. Neurosci.
Lett., 1988; 85: 169-171.

14. Sternberger, L.A.: The unlabelled antibody peroxidase-
antiperoxidase (PAP) method. In: Sternberger, L.A., Ed.
Immunocytochemistry. John Wiley, New York, 1979; 104-169.

15. Abad, M.E., Peeze Binkhorst, F.M., Elbal, M.T., Rombout,
J.H.W.M.: A comparative immunocytochemical study of the
gastroenteropancreatic endocrine system in a stomachless and
stomach containing teleost. Gen. Comp. Endocrinol., 1987; 66:
123-136.

16. Rombout, J.H., van der Grinten C.P., Birkhorst F.M., Taverne-
Thiele J.J., Schooneved, H.: Immunocytochemical identification
and localization of peptide hormones in the gastroentero-
pancreatic (GEP) endocrine system of the mouse and stomachless
fish, Barbus conchonius. Histochemistry,1986; 84: 471-483.

17. Jensen, J., Holmgren, S.: Neurotransmitters in the intestine of
the Atlantic cod, Gadus morhua. Com. Biochem. Physiol., 1985;
82: 81-89.

18. Grove, D., Campbell G.: The role of extrinsic and intrinsic nerves
in the co-ordination of gut motility in the stomachless flatfish,
Rhombosolea tapirina and Ammotretis rostrata Guenther. Comp.
Biochem. Physiol., 1979; 63: 143-159.

19. Tagliafierro, G., Farina, L., Faraldi, G., Rossi, G.C., Vacchi, M.:
Distribution of somatostatin and glukagon immunoreactive cells in
the gastric mucosa of some cartilaginous fishes. Gen. Comp.
Endocrinol., 1989; 75: 1-9. 

20. Elbal, M.T., Lozano, M.T., Agulleiro, B.: The endocrine cells in the
gut of Mugil saliens Risso 1810: An immunocytochemical and
ultrastructural study. Gen. Comp. Endocrinol., 1988; 70: 231-
246.

21. Langer, M., Van Noorden, S., Polak, J., Pearse, A.: Peptide
hormone like immunoreactivity in the gastrointestinal tract and
endocrine pancreas of eleven teleost species. Cell. Tissues. Res.,
1979; 199: 493-508.

22. Holmgren, S., Vaillant, C., Dimalina, R.: VIP-, Substance P-,
gastrin/CCK-, bombesin-, somatostatin- and glucagon-like
immunoreactivities in the gut of the rainbow trout, Salmo
gairdneri. Cell. Tissue. Res., 1982; 223: 141-153.

23. Dubois, M.P., Billard, R., Breton, B., Peter, R.E.: Comparative
distribution of somatostatin LH-RH, neurophysin and alpha-
endorphin in the rainbow trout: An immunocytochemical study.
Gen. Comp. Endocrinol., 1979; 37: 220-232.

24. Larsson, L.I., Goltermann, N., De Magistris, L., Rehfeld, J.F.,
Schwartz, T.W.: Somatostatin cell processes as pathways for
paracrine secretion. Science., 1979; 205: 1393-1395.


