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Abstract

The present investigation aimed to study the morphological, histological and histochemical characterizations of the salt glands of
the greater pamingo Phoenicopterus ruber roseus. The results of the present investigation shows that the greater pamingo has a
well developed bilateral salt glands which consist of an array of secretory lobules surrounded by richly vascularised connective
tissue. Each lobe is made of a mass of branched secretory tubules radiate from central canal and enmeshed in one cell layer blood
capillaries. The secretory tubule consists of simple columnar epithelium surrounding a narrow lumen showing round basal cells at
their terminal segments. The secretory tubules and central canals drain in a main duct leads to the anterior of the nasal cavity. The
results reveal that the secretory tubules of the gland elaborate proteins, sialomucins and sulfomucins but are devoid of glycogen
and neutral mucosubstances. The structure and functions of the salt glands are reviewed within the context of the results of the

present study.
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Introduction

Salt glands are absent in some birds and present in
others. They are best developed and quite functional in
birds that live in marine habitat, but are also present, with
limited functions, in some terrestrial ones specially in
some desert birds such as the sand partridge Ammoperdix
heyi and the ostrich Struthio camelus (Schmidt-Nielsen
and Sladen, 1958; Peaker, 1972; Sabat, 2000; Gray
et. al., 1997). Birds inhibit freshwater ponds possess
signiycantly small or inactive salt glands (Cornelius,
1982). Seabirds who have limited or no excess to
freshwater are equipped with well-developed specialized
salt glands that ylter, concentrate and drain swallowed
sea water through their nasal cavity and down groves of
their beaks. Salt glands allow marine birds to excrete salt
from seawater they ingest with their food.

While some of the morphology of avian salt glands
has been described (Marshall et al., 1987; Hossler
and Oslon, 1990; Butler et al., 1991), histological and
histochemical investigations on the salt glands of birds
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are rare. The greater pamingo Phoenicopterus ruber
roseus is the most widely distributed of all pamingo
species. It winters in the coasts of Saudi Arabia and
shows increasing presence in the coasts of northwest
India, the Middle East, the Arabian Peninsula and Africa.
Few studies, if any, have been carried on the histology
and histochemistry of avian salt glands. However, the
salt glands of the greater pamingo Phoenicopterus
ruber roseus are not identiyed. With this objective,
the present study was performed to characterize the
anatomy, histology and histochemistry of the salt glands
of Phoenicopterus ruber roseus.

Materials and Methods
Eight adults of the greater pamingo Phoenicopterus
ruber roseus of the same age were collected from the
eastern coast of Saudi Arabia. The birds were killed by
decapitation and both salt glands were quickly removed
from each bird, weighed and quickly immersed in one
of the following yxatives: neutral buffered formalin,
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Bouinds puid and Gendreds puid and then dehydrated,
with ascending grades of ethanol (70, 80, 90, 95 and
100%). Dehydration was then followed by clearing the
samples in 2 changes of chloroform and impregnation
with 2 changes of molten parafyn wax (m. p. = 62(0C),
then embedded and blocked out. Sections (4-5um) were
stained according to Pearse (1985), Drury and Wallington
(1983); Bancroft and Stevens (1986) and Kiernan
(1989) with the following conventional histological and
histochemical stains: Haematoxylin and eosin, Malloryés
trichrome, Gordon and Sweets reticulun, and aldehyde
fuchsin methods. Parallel parafyn sections were then
utilized in the following histochemical reactions.

Neutral mucosubstances

Periodic acid-Schiff (PAS) technique (Gurr, 1962), PAS
after U-amylase digestion (McManus and Mowry, 1964;
Luna, 1968), PAS after acetylation blockade (McManus
and Cason, 1950), PAS after acetylation-saponiycation
(Ozello et. al., 1958), and PAS after phenylhydrazine
treatment (Spicer et. al., 1967).

Acid mucosubstances

Alcian blue (AB) at pH 2.5 and 1.0 (Mowry, 1956; Luna,
1968).

Distinctionbetweenacidicandneutralmucosubstances
AB (pH 2.5)-PAS (Mowry and Winkler, 1956) and AB
(pH 1.0)-PAS (Spicer et. al., 1967).

Distinction between sulfomucins and sialomucins
Aldehyde fuchsin (AF) and AF-AB, pH 2.5 (Spicer and
Meyer, 1960); weak (25°C, 16 hr), mild (37°C, 4hr) or
strong (60AC, 4hr) methylation-saponiycation-AB, pH
2.5 (Quintarelli et al.,1961); acid hydrolysis (0.1 N HCI,
60°C, 4hr)-AB (pH 2.5) (Spicer et. al., 1967); toluidine
blue (TB) buffered at pH 1.7 and 3.4 (Landsmeer, 1953);
Critical electrolyte concentration (CEC) technique for
extinction of alcianophilia at pH 5.6 in the presence
of gradual concentration of Mg** (Scott and Dorling,
1965).

Enzymes digestion tests

Diastase-PAS technique (McManus and Mowry, 1964);
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neuraminidase (Sialidase, Vibrio cholerae, type V)-AB
at pH 2.5 (Spicer and Warren, 1960); hyaluronidase
(testicular)-AB  pH 2.5 (Spicer et al, 1967),
neuraminidase-TB (pH 3.7) and hyaluronidase-TB pH
2.0 (Pearse, 1985). Control sections were incubated in
the buffer solutions without the enzymes.

Proteins tests

Mercuric bromophenol blue (Mazia et. al., 1953);
ninhydrin-Schiff (Yasuma and Itchikawa, 1953) and
chloramine T-Schiff (Pearse, 1985) methods were used
for detection of proteins.

Results

The greater pamingo Phoenicopterus ruber roseus has
bilateral supraorbital salt glands (Fig. 1a). Each gland
has a crescent like shape with a length of 2.8cm and a
width of 1.35cm (Figs. 1b&c). The average weight of
bilateral glands is about 2.51gm. At the anterior end of
each gland is a duct of 5-7mm in length and opens into
the external nares.

Each of the bilateral salt glands of the species under
study consists of an array of lobules (Fig. 2a) surrounded
and separated by richly vascularised
connective tissues. Each lobe is made of a mass of
prenchymal branched secretory tubules radiate out from
a central canal (Figs. 2b&c) and enmeshed in one cell
layer of blood capillaries (Fig. 2d).

The ductal system of each lobe comprises of secretory
tubules and central canals that drain in a main duct (Fig.
3a) lined by stratiyed cuboidal epithelium (Fig. 3b)
leads to the anterior of the nasal cavity. Each secretory
tubule is lined by simple columnar epithelium (Fig. 3c)
surrounding a narrow lumen while the central canal is
lined by stratiyed columnar epithelium (Fig. 3d).

Each gland is supplied by large branches of blood
vessels where numerous arterial branches enter the gland
and distribute to lobes via the interlobular connective
tissues. Lobular arterioles penetrate to the secretory
tubules area before dividing into capillaries supplying the
secretory epithelium and run radially from towards the
lobe periphery. The vascular elements of each lobule are

interlobular
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