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Abstract. In Abedus ovatus both the stomodaeal and proctodaea! valves are found.
In the mid-gut the cell nests are found in the folds of epithelium. The epithelium
of the hind-gut is membranous, The absorbable production of digestion such as
glycogen which is found mostly in the first mid-gut and the proteins and lipids are
abundantly found in posterior mid-gut and the anterior part of the ileum.
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1. Introduction
Relatively very little information-is available on the digestive tract of aquatic bugs.
Most of the earlier investigations deal with the gross anatomy and the histological
details of the gut. The contributions of Parsons (1957, 1959) and Marks (1958,
1959) on the oesophageal valve and mid-gut of some aquatic hernipterans and
the contributions of Rastogi (1960, 1961, 1962) on the anatomical and histological
details of the digestive system of Lygus pandurus, Sphaerodema crusticum and
Ranatra elongata are considered basic. The histology of the digestive system of
the giant water bug, Belostoma indicum was described by Kaushik (1969), Ranatra
chinensis by Chowdhury (1974) and Sphaerodema I'llSticumby Ameen and Imam
(1976). Histochemical investigations were reported by Mario et al (1973) in
Glossina morsitans morsitans, Lohiya and Dixit (1974) in Periplanata americana
and Vishnoi and Srivastava (1976) in Achoea janata. In the present work the
histology and histochemistry of the alimentary canal of Abedus ovatus was undertaken.
2. Material and methods
Abedus ovatus were collected from the lakes of Visakhapatnam and maintained
in the aquarium tanks and fed with insect larvae. They were starved for one day
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and dissected for alimentary canal. The material was fixed in Susa, Bonin's
Zenker, 10% formalin and formal calcium, dehydrated and embedded in paraffin.
The tissues were sectioned at 8 p.m thickness and stained in Heidenhain's Azan and
Mallory's tripp1e stain for their histological study.
Histochemical tests applied were periodic acid/Schiff's (PAS) for the detection
of polysaccharides; digestion with saliva for the demonstration of glycogen;
bromophenol blue (Mazia et al 1953) for the detection of proteins; Millon's
test to detect protein containing tyrosine; Sakaguchi method for arginine; P:
dimethyl aminobenzaldehyde-nitrite (DMAB) method (Adams 1957) to visualise
tryptophan; potassium permanganatejalcian blue (Arvy and Gabe 1962) for the
detection of disulphide groups of proteins; Sudan black B technique (Chiffelle
and Putt 1951) for lipids and copper phthalocyanin procedure (Kluver and Barrera
1953) for the demonstration of phospholipids. Feulgen reaction for DNA and
methyl green pyronin Y for RNA were used.

3. Results

3.1.

Morphology of the alimentary canal

The alimentary canal of Abedus ovatus (figure 1) is a convoluted tube of varying
diameter along its length and is about 52 mm long in a 23 mm long insect.
The alimentary canal is divisible into three main regions; the fore-gut (FG), the
mid-gut (MG) and the hind-gut (HG). The fore-gut includes the pharynx (PH)
and oesophagus (OE) whereas the mid-gut comprises of first mid-gut (MG1 )
second mid-gut (MG 2) and third mid-gut (MGJ that extends up to the origin of
malpighian tubules (MG). The hind-gut includes ileum (IL), rectal caecum (RC),
and rectum (R).
The fore-gut starts from the pharynx and extends backwards up to the second
thoracic segment. It is the thinnest and shortest of the three gut regions and is
7 mm long and 0·5 mm wide. Oesophagus is a single expansible tube extending
up to the mid-gut.
The mid-gut, the longest of the gut is about 31-35 mm long and can be
differentiated into an anterior first mid-gut and a dilated posterior mid-gut, both
are connected by a coiled tubular second mid-gut. The first mid-gut is 7-10 mm
long, uneven in width but, its average width at its middle is 3 mm. The second
mid-gut when uncoiled is 23-25 mm long and 0·8 to 1·0 mm broad. The barrelshaped third mid-gut is 3-4 mm in length and 2-3 mm in width at its widest part.
The ileum is 9-10 mm long and 1-5 mm broad, tubular, thick walled and
slightly coiled. The rectum is sac-like and membranous and is 0·9 mm long and
1-1,2 mm broad. At the anterior end of the rectum is a blind pouch, the rectal
caecum which is 3-4 mm long and extends laterally and anteriorly, lying perpendicular to the ileum on its right. In fresh dissections, the entire rectal caecum is
found to contract and expand rhythmically. Live specimens have been found to
eject a jet of black fluid from the anus at intervals. Four long thread-like malpighian tubules open individually into the alimentary canal at the junction of the
mid-gut and the hind-gut.

Histology of alimentary canal of A. ovatus

Figure 1. Microphotograph showing alimentary canal.
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Figures 2-5. 2, 3. Longitudinal section of oesophagus and oesophagus invaginations. 4. Section of mid-gut showing cell •nests'. 5. Transverse section of
first mid-gut.
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3.2. Histology of the alimentary canal
The one layered fore-gut epithelium is capped on the lumen side by a thick
intima (figure 2). The epithelium is syncytial with in complete cell boundaries
with spherical or elliptical nuclei. The epithelium is surrounded externally by a
single layer of longitudinal muscles. At the posterior end of the fore-gut the
epithelium forms a small oesophageal invagination (figure 3). In longitudinal
sections it appears like a pad and is formed by narrow elongated cells, which are
about 120-145 p.m long and 72-95,um broad. Circular muscles around the invagination are well developed but they do not form an effective sphincter. They may
probably serve as columnar valves, which corresponds to the 'terminal pad' as
described by Marks (1958) in many aquatic bugs.
The epithelium of the mid-gut is surrounded by two layers of inner circular
and one layer of outer longitudinal muscles. The musculature is best developed
in the mid-gut. The epithelium forms several folds consisting of many 'cell
nests' (figure 4). Columnar epithelial cells were clustered together without any
intracellular space to form cell nests. The epithelial cells are elongated measures
up to 60,um in length and 12,um in width with relatively large single basal
nucleus. At the base of the cell nests, small nidi cells were observed. The nuclei
of the nidi cells are smallest (2,um in diameter) at the base of nidi become larger
as they mature.
In the first midgut (figure 5) each cell nest measures 144 x 168p.m and 72 x
84p.m and each nidus with granular cytoplasm and spherical or elliptical nuclei.
The nidi with dense granular cytoplasm stain more deeply than the epithelium.
The basal cells of the nidi are mostly syncytial but a few have distinct boundaries.
In the posterior first hind-gut, the number of these cell nests more on one side
and consequently the lumen of the mid-gut becomes obliterated. Histologically
the second mid-gut (figure 6) is similar to that of the first mid-gut except the
small size of the cell nest and less number. In the third mid-gut (figure 7) the
Cell nests measures 18-20,um length and 7-8,um in wide and the same pattern.
The anterior part of the ileum is differentiated from its posterior part by the
presence of the proctodaeal valve (figure 8). The circular muscles are abundant
in this region, probably acting as sphincter,. regulating the entry of the mid-gut
contents into the mid-gut. The ileac epithelium continues from the terminal end
of the proctodaeal valve. It is uniform, syncytial with few number of nuclei.
Transverse section of the ileum (figure 9) show two types of epithelium,
normal.and membranous epithelium. In the section of the anterior part of the
ileum, the membranous epithelium occupies 40% of the wall surface whereas
33-37% towards the posterior end. In the posterior part of the ileum, the
normal epithelium is taller than those of the anterior region and the lumen
narrows posteriorly. The membranous epithelium is very thin with darkly stained
intima, it is syncytial with unevenly distributed cytoplasm and sparsely distributed nuclei. The muscles are rather poorly developed and the intima is
generally very thin but in many places it is quite thick.
The rectum and rectal caecum remain mostly in a highly contracted state.
Therefore it is rather difficult to obtain good and intact sections with the epithelium in a stretched condition. In a section of rectal caecum (figure 10) a layer
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of well-developed longitudinal and circular muscles are found. The epithelium
is similar to that of membranous epithelium of the ileum. The epithelium of
malpighian tubules has large oval shaped muclei with granular cytoplasm and
the cell boundaries are distinct. The basement membrane is thick (figure 11).

3.3.

Histochemical analysis

The results of the histochemical techniques are shown in table 1. With PAS
technique, first and second mid-gut gave a strongly positive reaction but hindmidgut gave a faint reaction. The presence of glycogen has been detected in the
first half of the mid-gut (figure 12) which indicates that the absorption of glycogen is maximum in these regions whereas the glycogen in the third mid-gut and
ileum is less which is evident from a faint reaction. The muscle layers showed
the maximum glycogen content. With alcian blue (AB 1·0 and 2·5 pH), the
mid-gut epithelium and the muscle layers gave a negative reaction. All parts
of the digestive system responded strongly to Congo red technique indicating the
presence of large quantities of glycoproteins,
With bromophenol blue (BPB) reaction, muscle layers, first and second mid-gut
showed the presence of proteins. The epithelial cells of the third mid-gut
(figure 13) and anterior part of the hind-gut showed the presence of rich quantities of proteins. To identify the nature of the proteins, different tests were
employed as follows.
With Millon's reaction, the mid-gut and rectal caecum gave very weak response
which 5s due to the presence of tyrosine in negligible amounts but the third
mid-gut and anterior hind-gut gave positive result. Mid-gut and hind-gut
responded negatively to p-dimethylaminobenzaldehyde nitrite and Sakaguchi
techniques which reveal the absence of tryptophan and arginine respectively.
Muscle layers of the mid-gut, the epithelial layer in third mid-gut and anterior part
of the ileac epithelium gave positive reaction with KMN0 4!alcian blue indicating
the presence of disulfides whereas the epithelium of the first and second mid-gut
showed very little amounts of disu1fi.des as evidenced by its weak reaction to
the tests employed.
The epithelial cells of the third mid-gut (figure 14) and anterior region of the
hind-gut responded strongly to Sudan black B technique but the posterior hind.
gut gave faint positivity. This shows that the lipid contents were more in the
mid-gut and anterior hind-gut region than in the posterior hind-gut. With copper
phthalocyanin technique, the mid-gut epithelium and the normal epithelium of the
hind-gut gave very strong reaction suggesting large amounts of phospholipids.
However, the muscle layers and membranous epithelium showed moderate reaction
to the test.
The basal cells of the epithelium of the mid-gut are highly positive to methyl
green pyronin Y reaction but the distal cells were faintly positive. Negative
results were obtained for the muscle layers of the gut. Large quantities of DNA
were observed in the basal cells and little in the distal cells of the mid-gut as
evidenced by their positivity to Feulgen reaction.
From the above observations we are led to conclude that different regions of
the gut may be involved in different functional aspects. The fore-gut helps in
conduction of the food and the mid-gut helps in storage and digestion, its folds
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Figures 6-7. Transverse section of second and third mid-gut respectives.
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Figures 8-11. 8. Longitudinal section of proctodaeal valve. 9-11. Transverse
section of ileum, rectal caecum and malpighian tubule respectives.

Figures 12-14. 12. First mid-gut showing the presence of glycogen (PAS;saliva). 13. Third
positivity to bromophenol blue. 14. Mid-gut showing the presence of lipids (Sudan black B).
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of epithelium increasing the secretive and absorptive areas. The nidi at the base
of these folds regenerate or propagate new cells to replace digestive cells, which
are exhausted or discarded by holocrine secretory activities and the largest cells
situated at their inner ends are digestive in function. The absorption of glucose
may probably take place in the first part of the mid-gut. The digestion and
absorption of lipids and proteins are suggested to take place in the posterior
region of the mid-gut and to a lesser extent in the anterior part of the hindgut. Most probably the rectal glands are involved in the absorption of water,
which serves to recover the valuable constituents and also to control the osmatic
pressure of the body.
4.

Discussion

In Abedus ovatus the alimentary canal is 2 to 2· 5 times longer than the body
which agrees with the findings of Rastogi (1961), Kaushik (1969) and Ameen
and Imam (1976). The long alimentary canal in the carnivorous insect may be
explained by its intermittent and predacious feeding habits. The mid-gut is the
longest region in the alimentary canal. Parsons (1959) found the longest midgut in Belostomatidae among the five families of carnivorous aquatic Hemiptera.
Morphologically the division of the mid-gut into three regions is similar to
that of Belostoma indicum (Kaushik 1969) and Ranatra chinensis (Chowdhury
1974). Ameen and Imam (1976) in Sphaerodema rusticum reported ileum and
rectal caecum as in A. ovatus.
In most of the studies on Hemiptera, the oesophageal valve varies greatly in
structure (Marks 1959; Kurup 1964; Rastogi 1965). Sutton (1951) noted that
in Corixa and Sigara, the valve cells secrete an adherent membrane which is a
continuation of the cuticular lining of the oesophagus and it lies freely in the
mid-gut lumen and designated as 'Entonnoir'. Rastogi (1965) argued that the
entonneir noted above may be easily confused with the peritrophic membrane.
He thought that the many-layered folded intima hangs from a ring of differentiated
cells of the fore-gut-mid-gut junction in the terrestrial hemipterans studied by himt
The embryological origin of these cells remained questionable. So far in Hemiptera the presence of a peritrophic membrane has been reported only in some
corixids (Sutton.1951) and in Ranatra fusca (parsons 1957). Chaoborus larva was
reported to have no peritrophic membrane (Monchadsky 1945).
Regarding the nomenclature and description of the proctodaeal valve there
exists a lot of controversy and the main source of confusion is about the origin
of the malpighian tubules. Snodgrass (1935) stated that there are two differen.
types of valvular structures associated with the opening of the mid-gut into the
hind-gut, in some insects the fold projects from the posterior margin of the
mesentric epithelium whereas in others the hind-gut develops a valve. Hood (1937)
observed no valve in Oncopeltus fasciatus but found a distinct pylorus without
intima and called as pylorus as the malpighian tubules open into this region.
Kurup (1966) described a pyloric valve formed by the infolding of the ventricular
wall.
The presence of membranous epithelium along with the normal epithelium was
Observed in the ileum of A. ovatus as reported in Sphaerodema rusticum (Presswalla
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and George 1936; Rastogi 1961) in Nepa cineria (Hamilton 1931) and in Ranatra
elongata (Rastogi 1962). Regular continuous contractions of the rectal caecum
are observed in A. ovatus. Such contractions were observed by Hamilton (1931)
in Nepa cineria and by Ameen and Imam (1976) in Sphaerodema rusticum.
Poisson (1924) assigned two functions, namely, defensive and hydrostatic to the
caecum. Parsons (1959) and Rastogi (1961) attributed a respiratory function to
the rectal caecum. However, Presswalla and George (1936) assumed the rhythmic contractions of the rectal caecum may do something with water balance.
The membranous nature of the epithelium in the ileum and rectum allows them
to expand considerably to receive a large amount of fluid substances.
In A. ovatus the mid-gut, hind-gut showed the presence of carbohydrate components. Rastogi and Lohiya (1972) demonstrated the presence of carbohydrates
in the mid-gut and hepatic caeca of Periplanata americana. The first and second
mid-gut of A. ovatus showed positivity with PAS, Showing glycogen but however
small quantities were observed in the third mid-gut and hind-gut, The presence
of glycogen concentration is more in muscle layers than in epithelial cells as
reported in Sphaerodema rusticum. The epithelial cells of the mid-gut and anterior
part of the ileac epithelium in A. ovatus do not show the presence of
mucopolysaccharides.
In A. ovatus, the mid-gut epithelium contain rich quantities of proteins.

Disulfides and a little quantity of tyrosine are the different protein components that
are observed. In the mid-gut and hepatic caeca of Periplanata americana proteins
were detected by Rastogi and Lohiya (1972). The epithelial cells of the mid-gut
and hind-gut showed abundant quantities of lipids whereas the epithelium of
the posterior hind-gut showed less amounts of phospholipids. Hassemer et al
(1968) demonstrated the presence of lipids in the epithelial cells of the mid-gut of
Ostrinia nubilalis.

The epithelial cells of the mid-gut and hind-gut showed the presence of RNA
and DNA in the alimentary canal of A. ovatus. Rastogi and Lohiya (1972)reported
the same in Periplanata americana.
In A. ovatus, the absorption of the glycogen occurs mainly in the first mid-gut.
Digestion and absorption of proteins and fats are reported to take place in the
posterior region of the mid-gut and anterior part of the hind-gut as evidenced
by the histochemical reactions. The rectal caecum is involved in the absorption
of water and other constituents helps in osmoregulation. Absorption of glucose
in Periplana americana were reported to oceur mainly in mid-gut and to a lesser
extent in ventriculus in Dysdercus koenigii plays specific in digestion and absorption of different carbohydrates. Waterhouse (1955) reported that the hind-gut
usually involves in absorption of water control the osmotic pressure of the
organism.
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