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Abstract. In the crab Menippe rumphii, embedded in the connective tissue of tbe
oesophagus there are salivary or oesophageal glands. Each gland is made up of
four to eight conical cells with a central cavity. Histochemical observations on the
gland cells have shown the presence of some neutral and weakly acidic sulfated
mucopolysaccharides. The glands are positive to toluidine blue showing gamma
metachromasia. Similar type of glands are also observed in the wails of the hindgut. The cytochemical details of the gland cells have been discussed in detail.
Keywords. Structure; histochemistry; oesophageal glands; crab; Menippe rumphii.
!. Introduction
Histologically glands which are located in the tissue around the oesophagus and
those nearer the tegument in Crustacea are more or less similar. Much information is av3,ilable on the distribution and gross nature of the glands, but detailed
cytochemical aspects are lacking. The chemistry o f these glands should be of more
than passing interest. Their position would indicate several roles but those other
than lubrication because of their mucoid nature are difficult to ascertain at the
present moment. By analogy with classical salivary glands in similar situations in
other invertebrates some amount of digestive role may be implicated. But unless
a detailed analyses of the organisation and chemistry of the glands are known it is
not advisable to hazard any guess. However, from what is knm~n about them
from previous literatttre, we could discuss the role of the secretions.
Some of the histological details of these glands have been described by some
investigators, in Paratelphusa hydrodromous (Reddy t937), in Galathea (Pike 1947)
in Barytelphusa cunicularis (Diwan 1972) and in Homarus gammarus (13arker and
Gibson 1977).
Different functions have been attributed by different investigators to the oesophageal glands. Yonge (1924, 1932)described the detailed structure and functions o f the ~egumental glands in Nephrops norvegicus and Homarus vulgaris
respectively. George et aI (1955) described them in Panulirus polyphagus. The func277
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tional aspects of the tegumental glands in Uca pugnax, Uca minax and Uca pugilator
have been dealt by Push (1962). Shyamasundari and Hanumantha Rao (1977)
described the mucous glands in the oesophageal region of amphipods.
Stevenson and Murphy (1967) have determined the histochemical nature of the
tegumental glands in Armadillidium vulgare. Some of the histochemical aspects
of these glands have been studied by Barker and Gibson (1977) in the oesophagus
of Homarus gammarus. Shyamasundari (1978) has given the cytochemical details
of the cephalic mucous glands in Talorchestia martensii. Recently Shyamasundari
and Hanumantha Rao (1978) described the cytocl.emical nature of these glands
in the sand lobster Thenus orientalis. In the present paper an attempt has been
made to elucidate the histochemical nature of these glands in the oesophagus and
hindgut and their functions.
2.

Materials and methods

M. rumphii is a marine crab occurring in the crevices of rocks exposed during low

tides near Palm Beach, Lawson's Bay and Rishikonda areas of Waltair coast, q-hey
were brought to the laboratory and dissected in living condition. The oesophagus
was separated from the rest of the alimentary canal and fixed in Bouin's fluid and
cetylpyridinium chloride in 10~ formalin or cold formol calcium acetate and processed for histological and histochemical studies. For histological studies, Heidenhain's Azan and Mallory's triple stains were used. For cytochemical studies the
various techniques adopted are given below.
Periodic acid/Schiff (PAS) technique after McManus and Mowry (1960) (c.f.
Pearse 1968) for carbohydrates; PAS/saliva for glycogen; Hale's (1946) colloidal
iron for acid mucopolysaccharides; alcian blue 8GX (1.0 and 2.5ptl) after
Pearse (1968) for acidic mucopolysaccharides; alcian blue 1.0 pH/PAS and alcian
blue 2.5 pH/PAS after Mowry and Winkler (1956) to identify sulphate fi'ee sialic
acid containing mucins and neutral mucopolysaccharides respectively.
To distinguish the sialomucins from sulfomucins the tests employed are, aldehyde
fuchsin (AF) of Spicer and Meyer (1960); AF/alcian blue of Spicer and Meyer
(1960) ; mild methylation (0.1 N HC1 for 4 hr at 37 ° C) followed by alcian blue
at 2.5 pH of Spicer (1960) ; active methylation (0.1 N HC1 for 4 hr at 60 ° C) followed
by alcian blue staining of Spicer et al (1967) ; graded increase in magnesium chloride
to eliminate alcianophilic substances of Scott et al (1964); active methylatio~/
saponification/alcian blue (2-5 pH) of Spicer and Lillie (1959) and alcian blue/
safranin of Spicer et al (1967). Toluidine blue method after Pearse (1968) was
used to identify the metachromatic nature of these cells.
Sialo and hyalomueins were confirmed by applying further digestion tests,
hyaluronidase digestion followed by azure A (1.5-4.0 pH), alcian blue (1.0 and
2.5 pH), neuraminidase digestion followed by azure A (3.0-3.5 pH), alcian blue
(1 "0 and 2-5 pH) and alcian blue/PAS of Spicer et al (1967).
To distinguish the various proteins the tests employed are mercury bromophenol
blue technique of Mazia et al (1953) for basic proteins, Millon's reaction after Faker
(1956) for tyrosine, alcian blue/naphthol yellow and Congo red techniques to detect
glycoproteins in tissue sections (Pearse 1968).
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Results

In M. rumphii the oesophagus is a short tube which connects the mouth and the
stomach. The lumen of the oesophagus is lined by two layers, which follows the
basement membrane and epithelium with columnar type of cells. The epithelial
layer follows the connective tissue and this is encircled by circular and longitudinal m.lscles. The dilator muscles pass from the circular muscles to the epithelium through the connective tissue. Packed in the connective tissue layers are a
large number of glands known as oesophageal or salivary or tegumental glands.
Each gland is spherical and appears as a rosette in transverse section containing
4-8 conical cells. The cytoplasm of these cells is homogeneous containing a basal
large nucleus. The apex of each cell is pointed towards the inner side, thus leaving
a central cavity for the release of gland secretions. From the central cavity a fine
duct arises to convey the secretions into the lumen of the oesophagus. Similar
type of glands are also seen in the walls of the hindgut at the junction of the midgut and hindgut (figure 6). A large bunch of glands are present around the hindgut, whose ducts open into the lumen of the hindgut through many intracellular
ducts. The ducts open at the junction of the midgut and hindgut.
The following picture emerges from a range of histochemical tests employed.
The glands are positive to PAS reaction which is resistant to saliva digestion,
suggesting the absence of glycogen and presence of some other carbohydrate. The
PAS reaction was abolished after acetylation and restored after deacetylation indicating the presence of 1 : 2 glycol groups. The glands are intensely positive to
alcian blue at 1-0 and 2.5 pH indicating the presence of acid mucopolysaccharides
(figures 1 and 2). When a combined alcian blue (1.0 pH)/PAS reaction is carried
out the glands exhibited their characteristic blue colour rather than the magenta
colour (figure 3). However there are few glands which stained light magenta.
This indicates the presence of acid mucopolysaccharide~, sulphated mucosubstances,
hyaluronic acid and sialomucins and to some extent few neutral mucopolysaccharides. Traces of neutral mucopolysacchaddes are seen at the apices of the gland
cells, which stained bluc-purple with alcian blue/PAS eequence at 2.5 pH (figure 4)
and other regions contain sulphated acid mueopolysaccharides.
With alcian blue/saffanin reaction the glands are alcianophilic indicating the
presence of weakly acidic mucopolysaccharides. The glandsare intensely positive
to aldehyde fuchsin in unoxidised sections, showing rich quantities of sulphated
mucous substances. In combined reaction of aldehyde fuchsin with alcian blue
the glands are stained blue-purple, suggesting the presence of less strongly acidic
sulphated mucous substances (figure 5).
With mild methylation alcianophilia was not abolished completely, whereas with
active methylation it was abolished completely. This reaction confirms the presence of sulfomucins and sialomucins. The blue colour was removed after active
methylation and restored after saponification, confirming the presence of sulphated
mucous substances in the oesophageal glands.
The glands are negative to alcian blue with graded increase of magnesium chloride
particularly in 0-1 M magnesium chloride showing the presence of hyaluronic acid,
sialomucins and some weakly acidic sulfomucins. The same negative reaction was
observed with graded increase of magnesium chloride upto 1.0 M.
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The oesophageal glands exhibited gamma metachromasia in sections stained with
toluidine blue. Tlle glands are metachromatic w~th azure A at 3.0 and 4.0 pH
indicating tile presence o f sialic and hyaluronic acids. This positivity is more pronc~unced in wet condition rather than after dehydration. In sections stained with
azure A at 4.5 p H and gamma metachromasia observed in wet condition was
reverted to orthochrolnasia after dehydration suggesting the presence of rich
sulphated and sialic acid mucous substances in these glands.
Further digestion tests were conducted to prove the presence of sialic acid and
hyaluronic acid. The characteristic alcianophili~ in alcian blue at 2.5 p H and
Table 1. Various histochemical tests applied to the oosophagea
and intestinal glands in Menippe rumphii.
SI.
No.

Histoehemical test applied

Result

1.
2.
3.
4.

Periodic acid Schiff (PAS)
PAS/saliva
Hale's colloidal iron
Alcian blue (AB) (1.0 and 2.5 pH)

++
++
++
+++

5.
6.
7.
8.

Alcian blue (1.0pH)/PAS
Alcian blue (2"5 pH)/PAS
Aldehydefuchsin
Aldehyde fuchsin/alcian blue

++
++
+++
++

9. Mild methylation]alcian blue
10. Active methylation/alcian blue
11. Alcian blue with graded increase in magnesium
chloride (0.1 M to 1.0 M)
12. Safranin/alcian blue

++

13.
14.
15.
16.

Toluidine blue
Azure A (0.5 pH)
Azure A (1.0pH)
Azure A (2.0 pH)

++

17.
18.
19.
20.

Azure
Azure
Azure
Azure

+
++
++
++

A
A
A
A

(3.0pH)
(3.5pH)
(4.0pH)
(4.5 pH)

21. Hyaluronidase/alcian blue (2.5 pH) and Azure A
(4.0 pH)
22. Neuraminidase/alcian blue (2.5 pH) and Azure A
(3.0 pH and 3.5 pH)
23. Bromophenol blue
24. Millon's reaction
25. Congo red
26. Naphthol yellow/alcian blue

++

+
+
+

+ + + = Intenselypositive; + + = Stronglypositive; + = Moderately positive; -- = Negative.
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Figures 1-3. 1. Transverse section of oesophagus showing alcian blue (1-0 pH)
positive glands. 2. Transverse section of oesophagus showing alcian blue (2.5 pH)
positive glands. 3. Oesgphageal glands stained with alcian blue/PAS (1.0 pH).
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Figures 4-6. 4. Oesophageal glands stained with aIcian bIue/PAS (2.5 pHI.

5. Oesophageal glands stained with aldehyde fuchsin,'alcian blue.
glands--Azan.

6. Inte~,linal
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metachromasia with azure A at 4.0 pH was abolished after digestion with hyaluronidase suggesting the presence of hyaluronic acid. The blue colour of the glands
in alcian blue/PAS at 2.5 pH turned to purple and the metachromasia in azure A
3.0 pH and 3.5 pH was abolished after treating sections with neuraminidase
digestion suggesting the presence of siali2 acid.
The oesophageal glands have shown moderate positivity towards mercury bromophenol bltte for basic proteins. But the glands are negative to Millon's reaction
for tyrosine. A moderate positivity is noticed in the glands when they are stained
with Congo red reaction for glyooproteins. This test was further confirmed by
naphthol yellow/alcian blue reaction for glycoproteins (table 1).
The overall histochemical reactions applied indicate that the glands are positive
to weakly acidic sulphated mucopolysaccharides and minor quantities of neutral
mucopolysaccharides. The weakly acidic nature of tile gland secretions is due to
the presence of sialic and hyaluronic acids. Moderate quantities of glycoproteins
are also seen in the gland cells. The mucous nature of the gland secretions helps
in the free passage of the food material inside the oesophagus. The food material
inside the oesophagus is strongly positive to alclan blue both at 1.0 and 2.5 pH,
suggesting the entanglement of mucous substance inside the oesophagus. The gland
secretions partly play a role in digestion in the hindgut due to the acidic nature
of the gland secretions and the more abundance of these glands in the walls of the
hindgut. Histological observations on the midgut and hindgut have shown that
undigested food material is present in the midgut and all is digested in the
hindgut. This digestion may be partly due to the acidic mocopolysaccharides
secreted by the intestinal glands. Similar histochemical reactions were obtained
for the intestinal glands also as those of the oesophageal glands.

4. Discussion
In M. rumphii embedded in the connective tissue of the oesophagus and in the walls
of the hindgut there are oesophageal and intestinal glands respectively. Thegland
secretions are conveyed through fine intracellular ducts.
Presence of such type of glands have been reported by Yonge (1924) in Nephrops
norvegicus, Reddy (1937) in Paratelphusa hydrodromous, Pike (1947) in Galathea,
Pugh (1962) in Ucapugnax, Uca minax and Uca pugilator, Diwan (1972) in Barytelphusa cunicularis and Barker and Gibson (1977) in Homarus gammarus.
Yonge (1924) and Reddy (1937) stated that the central cavity of these glands is
in continuation with the intracellular duct. Stevenson (1964) is of the opinion
that the duct is in continuation with the central area and it forms a single cell with
nucleus. The cytoplasm of the gland cells in M. rumphii is homogeneous. But
vacuolated cytoplasm has been found to be present in Nephrops norvegicus (Yonge
1924), Homarus gammarus (Barker and Gibson 1977) and Thenus orientalis (Shyamasundari and Hanumantha Rao 1978).
The gland secretions in M. rumphii are mostly weakly acidic and sulphated mucopolysaccharides. Presence of sialic, hyaluronic acids and little quantities of glycoproteins are also noticed. Stevenson and Murphy (1967) reported that the secretions of the rosette glands of Armadillidium vulgare are acid mucopolysaccharides
and carbohydrate-protein in nature. No glycogen was found to be present in these
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glands. According to Barker and Gibson (1977) these glands in Homarus gammarus secrete acid mucopolysaccharides, acid phosphatase and ATPase. Shyamasundari (1978) reported that the cephalic mucous glands of Talorchestia martensii
secrete acid and neutral mucopolysaccharides along with little glycoproteins. The
gland secretions in Thenus orientalis are found to be weakly acidic sulphated mucop31ysaccMride~ (Shyamasundari and Hanumantha Rao 1978), a finding which is
in agreextent with the present findings.
Due to the acidic nature of the gland secretions, they may play a role in digestion and due to their m,.tcous nature they are useful for entanglement and free
pzssage of the food material. Vitzou (1882) and Huet (1883) were of the opinion
that these glands are digestive in function and they termed therv as salivary or
intestinal glands. According to Yonge (1924) these glands secrete a mucous substance, which entangles the tbod material inside the oesophagus. In another paper
(Yonge 1932) he described the glands in Homarus vu[garis and concluded that they
play a role in secretion of the epicuticle. Reddy (1937) reported that tb.e gland
secretions in Paratelphusa hydrodromous are sticky and do not contain any digestive
enzyme. But contrary to this view both Vonk (1960) and van Weel (1970) in their
reviews implied that amylases may be synthesised within these glands which arc
useful for digestion. In Homarus gammarus these glands secrete a mucous substance which entangles the food material and is also useful for digestion (Barker
and Gibson 1977). In Thenus orientalis the gland secretions are useful for free
passage of the food material and also helps in binding the fecal matter into pellets
in the hindgut (Shyamasundari and Hanumantha Rao 1978). In conclusion it
can be stated that by their chemical nature and by their position the mucous glands
play a role in free passage of the food material and also partly helps in digestion.
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