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Abstract. The histology and histochemistry of the digestive gland and the investing
epidermis of Pila virens are described. The digestive gland tubule epithelium is
made up of the digestive cells and calcium-cum-excretory cells. The digestive cells
are columnar, vacuolated cells and carry out the function of secretion and absorption.
The calcium-cum-excretory cells are pyramidal non-vacuolated cells that harbour
prominent excretory pellets. These cells serve as reservoirs of calcium and also
carry out the function of excretion. The investing epidermis of the gland is composed
of low cuboidal epidermal cells interspersed with mucous cells that seem to secrete
both neutral and acid mucosubstances. Overlying this is a melanin layer.
Keywords. Histology; cytochemistry; digestive gland;
poda; digestive cell; calcium-cum-excretory cell.
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1. IotroductioD
The digestive gland of molluscs has been studied intensively. Both pelecypods
and gastropod'> have attracted attention, but the latter were the target of studies
too numerous to be enumerated completely and there is now such a tangential data
and discordant results. that some manner of standardisation in approach and
interpretation seems to be necessary. The digestive gland is a preferred seat for
infection with helminth larval parasites. To understand the nature of interactions and pathology, a knowledge of the normal histology and cytochemistry is
necessary. Pi/a virens (Lamarck), the common Indian apple snail of the family
Ampullaridae, is a host for larval trematodes [Ganapari and Hanumantha Rae
1968). Apart from a histological picture provided by Prashad (1925) on P. glcbcsa
and the work of Andrews (1965) who commented on some pilids a detailed picture
is lacking. An attempt has been made here to present the histological and histochemical/cytochemical aspects of the digestive glend in P. virens.
2. Materials ad methods
Specimens of P. virens were collected from ponds, in and around Visakhapatnam
and brought to the laboratory. The digestive glands were dissected out and pieces
The cosimon apple snail of South India is Pila virens and not Pi fa globosa.
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of the digestive gland about 2 rom. in size were fixed in Bouin's Susa and neutral
formalin. After usual procedures, sections of 8-10 Jim thick were cut.
Heidenhain's Azan and iron haematoxylin methods were used for routine
histological studies. For histochemical studies the following methods, mainly
from Pearse (1968) and Bancroft (1975) were employed. (1) Periodic acid-S hiff
(PAS) technique, (2) PAS after saliva digestion for glycogen, (3) PAS after
acetylation and deacetylation for 1: 2 glycol groups, (4) alrian blue (AB) (1·0 pH
and 2· 5 pH) for mucopolysaccharides, (5) alcian blue (1·0 pH and 2·5 pH)/PAS
to distinguish between acid and neutral mucopolysaccharides, (6) safranin • 0'
and toluidine blue for acid mucopolysaccharides, (7) aldehyde fuchsin for mucopolysaccharides, (8) mercury bromophenol blue for basic proteins, (9) potassium
permangauatejelcian blue for disulphides, (10) ferric ferric)anide for sulfhydryl
group'>, (II) alizarin led S and von Kossa methods for' calcium', (12) prussian
blue reaction for iron.

3. Observations
3.1. Histology
The d'gestive gl&.nd or rn'dgut gland (liver) occupies a greater part of the coiled
vis-eral mass. It arivet from two distinct rudiments in the embryo, but in the
ad 11t the two area, a-e fu;,)d ...,d can be delineated only by the position of the
ste ul-=h which lies between tho} two lobes. The entire digestive gland is invested by
an epidermal layer composed of low cuboidal cells interspersed with mucous cells.
These mucous cells seem to secrete both acid and neutral mucopolysaccbarides
(table 1, figure 4). Overlying the epidermal layer there is a strucrureless layer.
Melanin granules form a continuous stretch, superficially beneath the structureless
Table 1. Histochemical tests applied to the epidermal mucous cells of the diaestive gland in Pila virens.
Reacting substance

Histochemical test applied

Periodic acid Schiff (PAS)
PAS/saliva
Alcian blue (AB)
(1,0 and 2·5 pH)
Alcian blue (2'5 pH)/PAS
Alcian blue (1·0 pH)/PAS

Toluidine blue
Aldehyde fuchsin
Safranin • 0 '

+ ++ =

Intensely positive;

++ =

Result

PAS positive substances
Glycogen
Mucopolysaceharides

+++
+++
+++

Neutral and acid rnueopolysaccharides
Neutral and acid mucopolysaccharides

R++
B+++
R+++
B+++

Acid mucopolysaccharides
Mucopolysaceharides
Mucopolysaccharides

Metachromasia

Strongly positive; R = Red;

+++

Negative
metachromasia

IB =

Blue.
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layer (figure 2). A muscle layer lies beneath this epidermis. The bulk of the gland
comprises ramifications of digestive tubules which end as blind caeca. The intertubular space is occupied with connective tissue through which blood vessels run.
In transverse sections, the tubules of the digestive gland appear oval or circular.
Gland ducts could also be seen connecting the tubules with the stomach. The
distinctness in histolog'cal appearance and cytomorphology and cytochemistry
of the duct epithelium and digestive tubule epithelium is quite apparent.
Two types of cells could easily be made out in the digestive tubule epithelium:
a higWy vacuolated, elongated digestive cell and a Shorter, plump, more or less
pyramidal so called calcium-cum-excretory cell (figure 1). The calcium-cum-excretory
cells are fewer in number, and occur interspersed or wedged in, so to speak as
grOUP5 of three or more cells among the apparently more numerous digestive cells.
Cells other than these two types, if any, are difficult to make out or characterise
cytochemically, At best one could by some stretch of interpretation, if not by
imagination, say that there occur undifferentiated smaller cells. But these must
be leading to anyone of the deftly establishable types namely, digestive cell or
calcium-cum-excretory cell. The digestive cells are roughly cylindrical, but often
they show Characteristic gorged distal ends. They have a maximum length of
66 pm. The spherical nucleus at the base of the cell is 4 Jim in diameter. The
digestive cells are characterised by vacuolated cytoplasm. In the vacuoles can be
seen, granular material which stains blue with Azan but remains brown in iron
haematoxylin preparations. There are other smaller granules Which are PASpositive as well as Afs-positive. The calcium-cum-excretory cells being pyramidal,
normally appear triangular in sections. The cytoplasm of these cells is more or
less of a homogeneous texture. The height of these cells apparently appears some.
what variable depending on the plane of the section. The maximum length of
this cell is 54 pm.. The conspicuous vesicular nucleus measuring 9 J.lffi in diameter
is distinctly much larger than that of the digestive cells, a feature which was not
accurately brought out in previous studies. These calcium-cum-excretory cells
harbour brown to dark-brown pellets or spherules which are so enormous in size
that sometimes most of the cell is occupied by them, pushing the nucleus to a
side at the base. Calcium spherules occupy a basal or nearly basal position in
the cells.
There can be no doubt as to the existence of these two clear-cut types of cells
in the digestive tubules even from a mere histological angle. One very important
difference is that it is only the digestive cells which display a bulbous vacuolated
distal end. These distal ends are pinched off, recalling strongly an apocrine mode
of secretion, This has been a well-known phenomenon in gastropods. The
pyramidal cell on the other hand gives no indication of this type of activity.
3 .2.

Histochemistry

.With the PAS/light green (LG) technique the cytoplasm of the digestive cell is
PAS-positive, whereas the calcium-cum-excretory cell appears completely green.
The material in the vacuoles of the digestive cells give an intense positive reaction
with PAS. This positive reaction of the granules is saliva-stable showing that
glycogen is not involved. Acetylation and deacetylation followed by PAS technique reveal the involvement of 1, 2 glycol groups. With AB, the granules show
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slight alcianophilia, indicating the presence of small quantities of mucopolysaccharides. The calcium-cum-excretory cell was found to give a negative reaction with AB. With aldehyde fuchsin, the material in digestive cells gives a positive
reaction, but the calcium-cum-excretory cells in general remain negative.
With mercury bromophenol blue, the calcium-cum-excretory cells give an
intense positive reaction, while the digestive cells fail to show up. Deamination
with Van Slyke's reagent abolished the bromophenol blue positivity of the calciumcum-excretory cell. Thus a proteinaceous material seems to be involved here.
The presence of disulphides in the digestive and calcium-cum-excretory cells could
be confirmed from potassium permauganate/Als reactivity. Sulfhydryl groups
occur in both cells a. judged from a positive ferric ferricyanide reaction. With
von Kossa method or alizarin red S technique we have been able to envisage
calcium in the calcium-cum-excretory cells (figure 3). The pellets in the calciumcum-excretory cells give positive results with the prussian blue veaction for iron
and alizarin red S method for calcium. Results of the various histochemical
techniques are summarised in table 2.

4. Dlscrssion
Literature on various aspects of the digestive gland of gastropods has accrued so
much, that one may wonder whether some more work is warranted. However,
common denominators in respect of the types of cells or their phasic activity and
the nature of cell inclusion" are either meagre or conflicting. As many as four

Table 2. Histochemical tests applied to the digestive gland cells in Pila virens.

Result

Reacting substance

Histochemical test applied

Digestive
cell

Periodic acid Schiff (PAS)/
Light Green (LG)
PAS/saliva
PAS/acetylation
PAS/deacetylation
AB 2·SpH
AB )oOpH
Aldehyde fuchsin
Bromophenol blue
Potassium permanganate/ AB
Ferric ferricyanide
Alizarin red S
Prussian blue
+++

= Strongly

- = Negative.

positive;

PAS positive substances

PAS+++

Glycogen
1 : 2 glycol groups
1 : 2 glycol groups
Mucopolysaceharides
Mucopolysaceharides
Mucopolysaceharides
Basic proteins
Disulphide groups
Sulfhydryl groups
Calcium
Iron

++

= Moderately

positive;

Calcium-cum-

excretory cell

PASLG+++

+++
+-+
++
++
-l..
' -l..
,T,

+

= Faintly

+++
++
++
++
++
positive;
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Figures 1-4. Sections of the digestive gland. 1. Cells in the tubule epitheliumAzari. 2. Melanin layer. 3. Darkly stained calcium in the calcium-cum-excretory cells-s-Alizarin red S. 4. Mucous cells in the investing epidermisSafranin '0 '. Abbreviations: CE-Calcium-cum-excretory cell. CES-Calciumcum-excretory cell with spherule. DC-Digestive cell. MC-Mucous cell. MLMelanin layer.
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cell types in the gland are recognized by many (Ghose 1963; Sumner 1965). Most
authors believe that there are only two types of cells that are easily discernible
by distinctness in cytomorphology (Fretter 1948; Thiele 1953; Pugh 1963;
Martoja 1964). One of these is the so-called digestive cell and the other cell has
been variously described as secretory, excretory and calcium cell. In P. globosa
Prashad (1925) has indicated two types of cells which he called as gland and
ferment cells. Andrews (1965) referred to them as the digestive and excretory
cells. In the present account a new terminology has been adopted. The first
type is referred to as the digestive cell but the second type of cell is. tCJ mcd the
calcium-cum-excretory cell.
Calcium spherules are found occupying a basal or nearly basal position in the
calcium-cum-excretory cell. Tnus these cells seem to carry out the function of
calcium storage as indicated by Gupta (1977) in Bensonia monticola. However,
in P. virens these cells harbour in addition to calcium spherules, excretory pellets
which from the cytochemical point of view are aggregates of an iron compound
and calcium. Meenakshi (1955) from biochemical studies attributed excretory
roles to these pellets. She indicated that these pellets are aggregates of iron,
calcium, magnesium and uric acid and Serve to eliminate the absorbed iron.
Thus the calcium-cum-excretory cell would appear to combine the dual functions
of calcium storage and excretion (excretory pellets).
The digestive cells enjoy a more uniform pattern of interpretation. According
to most authors and our findings it is possible to categorically sa.y that the digestive cells are secretory and absorptive. An apocrine method of secretion is
characteristic of digestive cells. This is the initial phase followed by an absorptive
phase.
In conclusion, it may be said that keeping apart the polemics of the situation,
there are in the digestive gland of gastropods two distinct types of cells, with deepseated differences in morphology and physiology. These differences including
nucleocytoplasmic ratio and cytochemistry of the gland cells and the investing
epithelium are revealed for the first time in P. virens in the present study.
It will be quite interesting to pursue these investigations especially in relation to
the histopathology, since gastropod digestive gland is the preferred ground for
larval helminths to multiply. From the present meagre knowledge one could say
that repair and adjustment in host-para~ite interaction is maximal. How this
operates is any body's guess at present.
It may be necessary to redesignate the types of cells in the digestive tubule so
as to be more appropriate. In-depth studies are called for before venturing to
suggest common denominators in all species of gastropods. It would appear that
it is safe at present to call the digestive cell which is more or less columnar as
vacuolated apocrine cell and the calcium-cum-excretory cell which is pyramidal
as a non-vacuolated cell. Distinctness in morphology and cytochemistry is the
dominant criterion left at present to distinguish them. As for functional interpretation, more work is needed.
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