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Abstract. The tegumental glands in Ligia exotica are located around the oesophagus and also in the tissues of maxillae and maxillipeds. Each gland consists of a
number of acini and each acinus is made of a rosette of 8-11 large conical cells.
Histochemical observations of these glands reveal the presence of strongly sulphated and carboxylated acid mucopolysaccharides and neutral mucopolysaccharides.
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1. Introduction

The tegumental glands in Crustacea located in the tissues around the oesophagus
and those nearer the tegument are histologically more or less similar. Based on
their distribution and functions, they were known as 'salivary glands' (Hewitt
1907), 'labial glands' (Yonge 1924), oesophageal glands' (Erribabu et al1979)
and 'cephalic mucous glands' (Shymasundari and Hanumantha Rao 1977).
Various functions were attributed to the tegumental glands. Yonge (1924, 1932)
described the detailed structure and functions of the tegumental glands in
N ephrops noruegicus and H omarus vulgaris respectively. Gorvett (1946) studied
the structure and functions of various kinds of tegumental glands in some
isopods. The functional aspects of the tegumental glands have-been elucidated b~
Pugh (1962) in Uca pugnax, Uiminax and U.pugilator. Stevenson (1964)
suggested that their development could be correlated with the moulting cycle.
Studies on tegumental glands of isopods have received meagre attention.
Patane (1938, 1951), Radu and Cihodaru-Gheorghiu (1942) and Gorvett (1946,
1952, 195b) studied the histology of these glands in terrestrial isopods. Histological details of these glands in other crustaceans have been observed by Reddy
(1937) in the crab Paratelphusa hydrodromus, by Pike (1947) in Galathea, by
Barker and Gibson (1977) in Homarus gammarus and by Shyamasundari and
Hanumantha Rao (1977) in amphipods.
Stevenson and Murphy (1967) have given a histochemical approach to the
tegumental glands in the isopod Armadillidium vulgare. Barker and Gibson
(1977) also studied the histochemical nature of these glands in H.gammarus.
Shyamasundari (1979) and Erribabu et al (1979) elucidated the histochemistry of
these glands in the amphipod Talorchestia martensii and the crab Menippe
rumphii respectively. The present study attempts to elucidate the histochemical
nature of the tegumental glands in Ligia exotica.
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2. Material and methods
Specimens of L. exotica were collected from among and under the rocks
submerged near the outer harbour ofVisakhapatnam and Gangavaram. The head
portions were dissected and fixed in Bouin's, Susa, formol calcium and Carnoy
for 24 hr. Paraffin sections (10 urn thickness) were stained in Heidenhain's Azan
and Delafield's iron hematoxylin.
For histochemical studies the following methods mainly from Pearse (1968)
and Bancroft (1975) were employed. Periodic acid I Schiff (PAS) technique for
carbobhydrates, PAS after saliva digestion for glycogen, PAS after acetylation and
deacetylation for 1 :2 glycol groups were employed.
Alcian blue (AB) technique at pH 2.5 and I for acid mucopolysaccharides was
employed. Acid mucosubstances were distinguished from neutral mucosubstances by the combined technique of alcian blue at pH 2.5 and pH
PAS.
To distinguish sulphomucins from sialomucins aldehyde fuchsin (AF), AF
(pH 2.5),
safranin techniques were employed. The following chemical
blocking techniques were employed to confirm sialomucins and sulfomucins:
mild methylation followed by AB staining at pH 2.5, active methylation-As at pH
2.5, mild methylation-saponification IAB pH 2.5 and active methylation-saponification I AB pH 2.5. Toluidine blue method was used to identify the metachromatic nature of these cells.
Proteins were identified using the following techniques: Bromophenol blue
method for basic proteins, Millon's reaction for tyrosine, p-dimethylaminobenzaldehyde-nitrite (p -DMAB-nitrite) method for tryptophan, KMnO.1 AB
method for disulphide groups, ferric ferricyanide technique for sulphydryl
groups, ninhydrin I Schiff method for protein-bound amino groups and Congo
red technique to demonstrate glycoproteins.
To identify the lipids, the techniques of Sudan black B (for saturated lipids) and
copper phthalocyanin (for phospholipids) were employed.
The nucleic acids were demonstrated by employing Feulgen reaction for DNA
and pyronin Y method for RNA.
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Figure 1. Diagramatic representation of tegumental glands showing their ducts. DTGDorsal group of tegumental glands; LTG- Lateral group of tegumental glands; OEOesophagus; TGD-tegumental gland duct.
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Figures 2-4. 2. Transverse section (TS) through cephalic region showing tegumental glands
surrounding the oesophagus (OE) (Azan) x 50 3. TS showing enlarged view of tegumental
glands-with intracellular ducts (Azan) X 250. lCD-Intracellular duct; N - Nucleus. 4. TS
showing the maxillipede group of tegumental glands (Azan) x 50.

3. Observations

The tegumental glands of L. exotica are located in the cephalic region around the
oesophagus. One group of glands is situated above the oesophagus at the base of
the labrum and a pair of glands is distributed on either side of the oesophagus. The
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Figures 5-8 x 60. 5. TS 01tegumental glands stained with periodic acid! Schiff {PAS). 6. TS
of tegumental glands stained with alcian blue (AB) at pH 2.5 showing acid mucopolysacchaeides. 7. TS of tegumental glands stained with AB at pH 2.5!PAS showing acid and
neutral rnucopolysaccharides. 8. TS of tegumental glands positive to copper phthalocyanin
showing large quantities of phospholipids.

oesophageal group of glands is larger than the other groups of glands and flank
the ventro-lateral sides of the oesophagus. The ducts of these glands are directed
towards the margin of the labium and open at the tip of the labrum and the mouth
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parts (figure 1). Similar glands are also observed in the tissues of maxillae and
maxillipeds.
3.1 Histology

The transverse section of each group of tegumental glands appears to be flattened.
Each gland consists of a number of spherical acini and each is composed of a
rosette of 8-11 large conical cells (figure 2). The entire gland is surrounded by a
delicate sheath of connective tissue with small nuclei which can sometimes be
seen between the gland cells. Each gland cell hasa broad base and a narrow apex
pointed towards the inside, thus forming a cavity in the central region of the
acinus. Each cell is30 urnin diameter at its broadest end and 42 urnin length. Two
zones could be noticed in the cytoplasm of these cells. The peripheral cytoplasm
is more granular with a large, oval and basal nucleus, while the central core is less
granular. The nucleus measures 2~m in diameter and each has a conspicuous
nucleolus. A fine duct, oval in shape with a nuclei at its apex arises from the
central cavity of each acinus to release the gland secretions (figure 3). These
glands are also found in the tissues of maxillae and maxillipeds having the same
histological plan (figure 4).
3.2 Histochemistry

A series of histochemical techniques has been applied to the sections of the tegumental glands to unravel the nature of substances present in the gland cells.
With the standard PAS technique (figure 5) a positive reaction was observed,
which was resistant to saliva digestion showing the absence of glycogen. This
reaction was however abolished by acetylation and restored after deacetylation
indicating the presence of 1 : 2 glycol groups.
The gland cells show a positive response to AB at both pH 2.5 and I (figure 6)
indicating the presence of both sulphated and carboxylated mucopolysaccharides. When a combined technique of AB pH 2.51 PAS was employed, the central
part of the gland cells stained blue and the peripheral region stained magenta,
suggesting the presence of acid mucopolysaccharides in the former and neutral
mucopolysaccharides in the latter. With a combined AB pH II PAS technique
(figure 7), the central cytoplasm of the gland cells stained blue and peripheral
cytoplasm showed magenta indicating the presence of sulphated acid mucopolysaccharides, sialomucins in the former and neutral mucopolysaccharides in the
latter.
With aldehyde fuchsin (AF) and AF I AB techniques they stained purple indicating the presence of sulphated mucosubstances. In the combined technique of AB
with safranin, the gland cells stained orange suggesting the presence of strongly
acid mucosubstances.
The presence of sialomucins and sulphomucins was confirmed by the following reactions. The alcianophilia was not abolished after mild methylation
indicating the presence of sulphated mucosubstances. The blue colour was
removed completely after active methylation suggesting the presence of sulphated and carboxulated mucosubstances. The alcianophilia was retained after
saponification indicating the presence of carboxylated mucosubstances in the
gland cells. With toluidine blue the glands exhibited metachromasia.
The gland cells showed a positive response to mercury bromophenol blue for
basic proteins but reacted negatively to Millon's reaction and P-DMAB - nitrite for
tyrosine and tryptophan. They gave a moderate reaction to KMn041 AB method
for disulphide groups. With ferric ferricyanide technique the gland cells showed a
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Table 1. Histochemical tests applied to the tegumental glands

Histochemical test applied

Result

Periodic acid / Schiff (PAS)

++

PAS/saliva

++

Acetylation / PAS
Dcacetylation / PAS
Aldan blue (AB) pH 2.5
ABpH I

++

+

+

AB pH 2.5/ PAS
AB pH l/PAS

Central cytoplasm stained blue
Peripheral cytoplasm stained red

Aldehyde fuchsin (AF)

+++

AF/AB

Purple

AB / safranin

Orange

Mild methylation / AB

++

Mild methylation-saponification / AB

++

Active methylation / AB
Active methylation-saponification / AB
Toluidine blue
Bromophenol blue

++
Metachromasia

+

Millon's reaction
p-DMAB - nitrite
KMnO./AB
Ferric ferricyanide

+
++

Ninhydrin / Schiff

+

Congo red

+

Sudan black B

++

Copper phthalocyanin
Feulgen reaction

++
++

Pyronin Y

++

+++=lntensely positive; ++=strongly positive; +=moderately positive; -= negative.

strong reaction for sulphydryl groups. They exhibited moderate positivity to
ninhydrin I Schiff and Congo red techniques for protein bound amino groups and
glycoproteins respectively.
A strong reaction to Sudan black B and copper phthalocyanin techniques was
shown (figure 8) demonstrating the presence of lipids and phospholipids. With
Feulgen reaction and pyronin Y technique the gland cells showed a positive
response due to the presence of DNA and RNA. Results of these histochemical tests
are summarised in table 1.
4. Discussion

The tegumental glands In L. exotica are embedded in the surrounding tissue of the
oesophagus, an observation which is in agreement with that of Gorvett (1946).
According to some workers (Yonge 1924; Reddy 1937; Pike 1947; Barker and
Gibson 1977; Shyamasundari and Hanumantha Rao 1978; Erribabu et al1979)
such glands are embedded in the connective tissue of the oesophagus.
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Stevenson (1964) observed that the intracellular duct of these glands possesses
nuclei in A. vulgare. Yonge (1924) and Reddy (1937) reported that the cavity of
each gland is a continuation of the intracellular duct. Pugh (1962) states that the
duct is a sort of a syncytium consisting of intracellular canals. The present observations agree with that of Stevenson (1964).
Several functions have been attributed to the tegumental glands of decapods
and isopods. Ide (1892) stated that they function as salivary glands due to their
restriction to the head region. Generally parasitic isopods have poorly developed
digestive systems. Hence, Ide (1892) considered that the glands are well developed in parasitic species than in free living forms. Murlin (1902) observed that
the secretions of hepatopancreas are involved in digestion and hence there is no
need for salivary secretion in isopods. Yonge (1924, 1932) stated that they have
no digestive role, but the secretions play an important role in the formation of
chitinous lining in the foregut and hindgut in N. noruegicus. Reddy (1937)
supported this view and stated that the secretions ofthe tegumental glands helped
in the entanglement of food and in the formation of the chitin. Gorvett (1946)
concluded that the rosette glands of land isopods take part in the formation of the
epicuticle and also the thickening and sclerotization of the tips of the mouth
parts. Pugh (1962) in his studies on Uca pugnax pointed out that these glands
secrete a lubricating substance, which aids in binding the faecal matter into
masses. Similar observations were made by Shyamasundari and Hanumantha
Rao (1978) in Thenus orientalis. Stevenson (1964) observed that the development of tegumental glands in A. vulgare could be correlated with moulting cycle.
Schmitz {1967) also expressed a similar opinion from his observations on
Gammarus lacustris lacustris. According to Erribabu et al (1979) the secretions
playa role in the free passage of the food material and also partly aid in digestion.
The gland secretions in L. exotica are mostly strongly sulphated and carboxylated acid mucopolysaccharides including sialic acid and hyaluronic acid and
also neutral mucopolysaccharides. A small amount of glycoproteins and lipids
was also observed. Stevenson and Murphy (1967) reported that the secretions of
the tegumental glands in A. vulgare are acid mucopolsacccharides and carbohydrate protein in nature. No glycogen was present in these glands. According to
Barker and Gibson (1977) these glands secrete acid mucopolysaccharides, acid
phosphatase and ATP ase in H. gammarus. The gland secretions in T. martensii
are acid and neutral mucopolysaccharides along with glycoproteins (Shyamasundari 1979), a finding which agrees with the present observations. From the
ensemble of the foregoing results it can be clearly stated that the mucous nature of
the gland secretions aids in swallowing the food material. The gland secretions
may also playa role in digestion due to their acidic nature.
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