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Abstract. Histological and histochemical observations were made on infected and
uninfected digestive glands of snails, Melanoides tuberculatus. Infected gland either with
sporocysts of Cercaria diqlandulata (Xiphidio) or with rediae of Cercaria martini
(Monostome) revealed basically two types of histopathological abnormalities (damages),
mechanical (lesion 1) and physiological (lesion 2). Depletion of carbohydrates, lipids and
proteins as well as increased activities of phosphatases, lipase, non-specific esterase and
glucose-6-phosphatase were also reflected by infected digestive gland. Alterations either
histological or histochemical in infected glands are associated with the type and size of
trematode larvae and degree of parasitemea and these were greater in glands infected with
rediae than in sporocysts, Besides pathogenesis, the present study also focusses on the mode
of nutrition in certain trematode larvae.
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t. Introduction
Larval trematodes, in general, cause great harm to their hosts. They multiply in snail
hosts resulting in tissue damages, and the pathological changes range from
debilitation to gigantism of the hosts (Rothschild 1936, 1941; Wilson and Dension
1980). Histopathological changes in molluscs associated with larval trematode
infections have been described or reviewed by several workers (Cheng and Snyder
1962; James 1965; Patnaik and Ray 1966; Wright 1966; Erasmus 1972; Moore and
Halton 1973; Mohandas 1974; Yoshino 1976; Sommerville 1978; Krishna 1979;
Bertman 1980). Further, histochemical changes in parasitised digestive glands have
also been investigated (Cheng 1962, 1963a,b, c, 1965; James and Bowers 1967a,b;
Southgate 1970; Reader 1971; Gress and Cheng 1973; Michelson and Dubois 1973;
Dennis et a11974; Anteson and William 1975; Krishna 1980; Yadav 1981; Choubisa
1985).
In the present study, besides histopathology of the snail tissues, histochemical
localization of phosphatase, lipase, non-specific esterase, glucose-6-phosphatase,
carbohydrates, lipid and proteins has also been conducted in order to determine the
biochemical changes in the host tissues subsequent to infection. It is hoped this
study will help in revealing the loss of macromolecules, drained by larval digeneans
as nutrients, from the host tissues. The study also highlights the differences in host
pathology due to sporocyst, redial and cercarial infections.
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2.

Materials and methods

The snails, Melanoides tuberculatus, were collected from freshwater habitats of
Udaipur, Rajasthan. The methods for rearing of snails and collection of larval
trematodes were described earlier (Choubisa and Sharma 1983, 1986). For
histochemical localization of enzymes and non-enzymes the methods followed were
those by Pearse (1968, 1972) and Holt and Withers (1952). Paraffin sections were cut
at 7 ,urn while frozen sections were cut at 10,um. Controls were run simultaneously.
3.

Results

Of 300 M. tuberculatus, 54 were infected with Cercaria martini (Pandey and Agrawal
1977) and 24 with Cercaria diqlandulata (Pandey 1967). C. martini was located
(mostly towards) in the peripherial region whereas C. diqlandulata was found
between and around the digestive tubules. However, the localization of these species
was not constan 1.
3.1

M orphology and histology of uninfected digestive glands

The uninfected digestive glands of M. tuberculatus occupied the maximum part of the
visceral mass. Brown-green in colour, it consists of two main compact lobes, each
opening into the stomach through a main duct. The entire visceral mass was
enclosed in thin membrane, the tunica propria.
The main histological feature was the mass of digestive tubules embedded in their
stroma of fine connective tissues (figure 1). These tubules consist of a single layer of
epithelial cells on a prominent basement membrane. The epithelial cells were
basically of 3 types-the more frequently observed were the digestive/absorptive
cells-columnar, ciliated and with a basal nucleus and numerous globules. The
second type of cells (secretory cells), was oval or triangular-shaped with prominent
nuclei. Some tubules showed a greater number of cells than others. The third type of
cells (starving, undifferentiated cells) was seen only in the intestinal component of the
digestive epithelium.
3.2

Morphology and histology of parasitized digestive glands

The infected digestive glands of M. tuberculatus either in C. martini or in C. diqlandulata appeared brown or grey in colour, swollen and friable. The tunica propria
appeared irregular or ruptured.
Generally, areas of inter-tubular connective tissues were occupied by parthenitae.
Basically two types of damages, mechanical (lesion 1) and physiological (lesion 2)
were observed. In mechanical damages (lesion 1), degenerating changes such as
(i) rupture of tunica propria, (ii) reduction in diameter and number and irregular
shape of tubules and consequently enlargement of inter-tubular areas, (iii) decrease
in height of columnar cells and simultaneously, increase of volume of intra-tubular
areas or gut lumina (figures 1 and 2) and (iv) complete or partial destruction and
blocking of individual tubules (figure 3) were confined to individual tubules.
Neighbouring tubules remained unaffected (figures 2 and 3, indicated by Ll) and
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Figures l~. 1. Histology of healthy digestive gland of M. tuberculatus stained with
haematoxylin and eosin. 2 and 3. Histology of infected digestive gland with C. martini (2)
and C. diglandulata (3). 4--6. Sections of uninfected (4) and infected digestive glands with
C. martini (5) and C. diqlandulata (6) showing glycogen concentration ( x 240).

were observed in mild infection. In physiological damages (lesion 2) cellular
organization or integrity was completely lost and necrosis of epithelial cells in
heavily infected digestive gland was observed.
These pathological changes were not revealed in all cases, and depended on the
degree of parasitemea and were associated more with redial of C. martini than with
sporocysts of C. diqlandulata.
3.3

Comparative histochemical observations

The digestive and secretory cells of the healthy digestive gland showed positive
reaction to Best's carmine (figure 4) and a negative reaction to this stain following
diastase digestion indicating the presence of glycogen. The distal border of the
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Figures 7-12. Histochemical demonstration of glycoprotein and glucose concentration in
the sections of uninfected (7, 10) and infected digestive glands of snail host with redia of
C. martini (8, II) and sporocyst of C. diglandulata (9, 12) ( x 120).

digestive cells stained deep purple red with the PAS reaction, even when pretreated
with diastase. This was due to the presence of glycoprotein (figure 7). A positive
reaction to Okamoto technique in the epithelial cells and inter-tubular areas of
healthy digestive glands revealed the presence of glucose (figure 10) and its activity
was higher in the digestive gland infected with sporocysts of C. diglandulata (figure
12). The intertubular spaces of heavily infected digestive gland with rediae of C.
martini revealed greater deposition of the glycogen. Since the breakdown of digestive
gland cells by rediae and the subsequent release of stored glycogen.
Strong positive reaction to Sudan black B and Oil red 0 in the epithelial cells of
healthy digestive glands, revealed the presence of heavy concentrations of fatty acids
(figure 16) and neutral fats (figure 19) but secretory cells possessed large quantities of
fatty acids instead of neutral fats. These lipids were concentrated mainly in the basal
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Figures 13-18. Demonstration of protein and lipid concentration in the sections of
uninfected (13, 16) and infected digestive glands with C. martini (14, 17) and C. diqlandulata
(IS. 18) ( x 240).

regions of the epithelial cells. However, globules of fatty acids were also seen
scattered throughout the inter-tubular spaces.
In general. depletion of glycogen (figures 5 and 6), protein (figures 14 and 15) and
lipids (figures 17 and 18) was observed in parasitised digestive gland of hosts but
depletion was maximum in those glands infected with rediae of C. martini (figures 5,
14 and 17).
Increased activity of lipase (figures 23 and 24), acid and alkaline phosphatases
(figures 26, 27. 29 and 30), non-specific esterase (figures 26 and 27) and glucose-6phosphatase (figures 29 and 30) was found in epithelial cells and inter-tubular spaces
of infected digestive glands (table 1) and the activity of these enzymes was also
proportional to the degree of parasitemea. The activity of alkaline phosphatase was
greater compared to acid phosphatase (figures 26 and 27) in the parasitised digestive
glands.
Simultaneously, the distribution (activity) of certain enzymatic and non-enzymatic
substances in various structures of the present experimental trematode larvae has
also been studied (table 2) to focus on their mode of nutrition.
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Figures 19-24. Histochemical demonstration of neutral fat concentration and localization
of lipase in the sections of uninfected (19, 22) and infected digestive glands with C. martini
(20, 23) and C. diqlandulata (21, 24) ( x 240).

4.

Discussion

The mechanical damages (lesion 1) appear to have a cumulative effect due to larval
migration, feeding and multiplication (parasitemea) as well as size and types of larvae
whereas physiological damages (lesion 2) were the result of the release of proteolytic
enzymes from the ruptured digestive cells/or enzymatic secretion and metabolic
-excretion from parasites. Starvation autolysis was due to squeezing of digestive
tubules at different points and consequently no food was able to pass into the
tubules. The common pathological changes like blocking of digestive tubules and
reduction in height of columnar cells of infected digestive glands with either cercarial
species may be due to (i) intra-tubular digestion during starvation in particulate
feeders e.g. M. tuberculatus and (ii) reduction in amount of storage nutrients due to
increasing demands of developing host gonads. The former view gets support from
the work of Rees (1931) and Mohandas (1974) and the latter from Bertman (1980).
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Figures 25-30. Localization of acid and alkaline phosphatase in the sections of uninfected
(25, 28) and infected digestive glands with C. martini (26, 29) and C. diqlandulata (27, 30)
(x 240).

The depletion of glycogen from the digestive gland cells and its appearance in
C. martini and C. diglandulata revealed that these larval digeneans utilized the host

glycogen. However, its absence in the cercarial caeca indicates a different mode of
procurement, probably through general body surface. This speculation lends support
from the fact that a number of hydrolytic enzymes are present on the body wall for
the transport of simple sugars, and that autoradiography has proved this mode of
nutrition in other cercariae. The tail of C. martini showed maximum concentration of
glycogen as compared to tail of C. diqlandulata. The former species is an active
swimmer and hence requires greater energy during its free swimming phase. The
heavy concentration of glycogen in the posterior region of cercarial body was
probably associated with the genital rudiments and such a situation has also been
observed in other trematode larvae (Ginetsinskaya 1960; Reader 1971). Prior to
absorption, the glycogen is converted to glucose and hence increased glucose
concentration was found in the digestive glands infected with sporocysts.
Large sizes of glycogen molecules prevent them from absorption directly through
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Table 1. Results of the histochemical tests performed on the infected and uninfected
digestive glands of M. tuberculatus.
Digestive glands
Histochemical test

Chemical

Best's Carmine
PAS
Okamoto
Sudan black B
Oil red 0
Bromophenol blue
Tween 80
Lead nitrate
Calcium cobalt
Indoxylacetate
Conversion of barium
salt to pot. salt.

Uninfected

Infected

Glycogen
Glycoprotein
Glucose
Lipid (fatty acids)
Neutral fats
Protein
Lipase
Acid phosphatase
Alkaline phosphatase
Non-specific esterase

+++
+++
+
+++
+++
+++
+
+
+
+

+
+
++
+
+
+
++
++
+++
++

Glucose-6-phosphatase

+

++

+ + +, Heavy reaction; + +, moderate reaction; +, weak reaction.
Table 2. Distribution pattern of certain enzymes and non-enzymatic substances in larval
forms.
Sporocyst
(C. diglandulata)
Chemicals

B

G

Glycogen
Glucose
Lipids (fatty acid)
Neutral fats
Protein
Lipase
Acid phosphatase
Alkaline phosphatase

+++
+++

B

Redia
(c. martini)

W

+++
+
+++
+
+++
+
+++
+++

G

B

B

W

+++
+
+
+
+++

+++
+++

+
+

0

G

+
+++
+++
+++

G(C)

+++
++
+++
+
+++
++
+++
+++

Cercaria (both species)

Chemicals

S

Glycogen
Glucose
Lipids (fatty acids)
Neutral fats
Protein
Lipase
Acid phosphatase
Alkaline phosphatase

+

(Immature)
G(C) BS(PC)

+
++
+
+

+
+

++
+++
++
++
+++
++
+
+

S

+

+++

+++

++

++
+
+++

+++
+++
+++
+++
++
++

+
+

G(C)

(Mature)
BS(PC)

T

+

T

+++

+++

+ + +, Intense activity; + +, moderate activity; +, low activity; -, no activity; BS(PC),
body surface (parenchymatous cells); BW, bodywall; G(C), gut (Caeca); GB, germ balls; OG,
Oesophageal gland; S, suckers; T, tail.

the body wall of sporocyst. Glycogen in the digestive glands of the hosts is therefore
to be hydrolysed to monosaccharides, before it can be utilized by the larvae. The
appearance of glucose in the inter-tubular areas of the digestive gland, in the
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Figures 31-36. Localization of non-specific esterase and glucose-6-phosphatase in the
sections of uninfected (31, 34) and infected digestive glands with C. martini (32, 35) and

C. diglandulata (33, 36) ( x 240).

(Abbreviations used: BDT, Blocking of digestive tubules; BM, basement membrane; C,
cercaria; DC, digestive cells; DG, digestive gland; DGT, digestive gland tubules; ExB,
excretory bladder; GL, gland lumen; ITCT, inter-tubular connective tissue; Ll, lesion 1; L2,
lesion 2; as, oral sucker; R, redia; SC, secretory cells; SP, sporocysts; T, tail; TP, tunica
propria; YS, ventral sucker).

sporocyst's body wall and brood chambers of C. diqlandulata; and at the body
surface of developing or immature cercariae within these sporocysts strongly
suggests the absorption of the glycogen by parasites through body wall. However,
the maximum depletion of glycogen in intact gland tubules infected with rediae of C.
martini also suggests that carbohydrates may directly affect ingestion of host cells by
rediae. Depletion of glycogen in the infected digestive glands has also been observed
by many workers (Cheng 1963a; Reader 1974; Karyakarte and Yadav 1976; Krishna
and Simha 1977).
Enhanced activity of phosphatases in infected tissues of snail appears to be the
result of parasitism and varies with the intensity of infection. Such observations have
also been reported by Cheng and Snyder (1962), Cheng (1964), Reader (1971),
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Michelson and Dubois (1973) and Dennis et al (1974) in parasitised digestive gland of
various molluscan species.
Redial gut and pharynx revealed higher concentration of phosphatase activity
compared to their body wall. This observation supports the finding of Probert
(1966), Reader (1971) and Sharma and Choubisa (1985) in the rediae of
Echinoparyphium, C. imbricata and C. tewarii (Choubisa and Sharma 1985)
respectively. In view of the presence of strong phosphatase activity on the wall of
sporocysts, rediae and developing cercariae. it may be associated with the transport of glucose and other nutrients needed by the parasite (James and Bowers
1967). The appearance of phosphatases in the excretory system (Cheng 1962; Probert
1966; Reader 1971; Krishna 1980; Sharma and Choubisa 1985) may be involved in
the selective resorption and energy transfer.
In infections with sporocysts of C. diqlandulata, there was definite decrease in the
neutral fat contents of digestive gland cells and this suggests that the larvae
utilized the host lipids. These observations contradict those of Cheng and Snyder
(1962), Cheng (1965), James and Bowers (1967b), Southgate (1970) and Krishna
(1980) who reported an increase in the neutral fat content of digestive gland cells of
infected molluscs with larval trematodes.
The presence of fatty acids in the body wall of sporocysts of C. diqlandulata may
indicate the passage of these metabolites from their surroundings for the ultimate use
of the growing cercariae. Such fatty acids removed from the surroundings may be
replaced by the degradation of neutral fat within the digestive gland. This would
account for the observed decrease in the neutral fat content of infected digestive
gland cells. Presumably, any fat produced by the degeneration of digestive gland cells
is immediately utilized by the sporocysts, since there was no apparent increase in the
neutral fat content of those tubules showing histolysis. These findings confirm the
observations of Reader (1971) in mollusc, B. tentaculata infected with sporocysts of
C. helvetica XII. Since the body wall of the sporocysts in the present investigation has
shown the presence of lipase activity histochemically, it may be surmised that the
lipase of intrinsic origin hydrolyze the host lipids into its simplest constituents to be
made available to the parasite. Cheng (1965), Reader (1971) and Sharma and
Choubisa (1985) have also recorded the lipase activity in the larval trematodes. The
possibility of lipase to cercarial origin (cercariae inside the sporocyst) in the body and
in the haemocoelomic spaces of the snail host could not be ruled out.
The fatty acids have been reported to be concentrated at the body surface of many
cercariae and therefore, they may be used either in the synthesis of neutral lipids or
as a source of energy for growth and development. However, fat does not appear on
the surface of C. diglandulata until a late stage of development and this observation
agrees with Ginetsinskaya (1960) and Reader (1971) on other Xiphidio cercariae.
During the aerobic and free swimming phase of cercariae it appears that the fat may
be used as a source of energy increasing the buoyancy of the cercariae.
Parasitised digestive glands, either with sporocysts of C. diqlandulata or radiae of
C. martini clearly revealed the decrease of glycogen, protein and lipid food
components. However, the depletion of these components was comparatively greater
in the digestive gland cells infected with rediae. The debris in redial gut was highly
positive and this corresponds with the tissue feeding of the redial larvae. Such
observations have also been reported by others.
The non-specific esterases (NSE) are believed to have their main sites of origin
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within the secretory cells, since the secretory granules produced by these cells have
been found to be NSE positive. The secretory granules pass to the apical region of
the secretory cells from where they are discharged into the lumen. Alternatively
secretory cells undergo lysis due to the presence of the digenean larvae, liberating
secretory granules which then find their way into the lumen (Choubisa 1986). The
increase of NSE in the infected host tissue, therefore, may be related to the presence
of larval forms.
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