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ABSTRACT

The foregut is divisible into pharynx, oesophagus, crop, oesophageal valve and the
anterior interstitial ring. A blood sinus is distinctly observed in the oesophageal valve but as
it is without a chitinous annular ring and the restraining cords it is not considered to be capable
of acting as a press for the formation of peritrophic membrane.

The midgut epithelium contains interstitial cells, columnar cells and goblet cells. The
interstitial cells regenerate the columnar and goblet cells which form the regular epithelium
of the midgut. The globular protrusions arising from the columnar cells are regarded to be
cell disintegration products and not the secretory vesicles, The peritrophic membrane is secreted
by midgut cells of the anterior region and is not reinforced by the secretions from the cells
of midgut along the whole of its length.

The hindgut is divisible into ileum, anterior sphincter region, colon, a feebly developed
posterior sphincter region and rectum.

INTRODUCTION

The alimentary canal of the lepidopterous larvae has certain interesting features
which have engaged the attention of several workers. But there is no unanimity
among them over various issues. Among those are the functional and morpho-
logical relationships of different kinds of the midgut epithelial cells, the process of
secretion, the mode of formation, occurence and function of peritrophic membrane
and a blood sinus in the oesophageal invagination. A detailed morphological
study of the alimentary canal of the larva of L. orbonalis was taken up to investigate
these features and the observations made are recorded in the present paper.

MATERIAL AND TECHNIQUE

The larvae were collected from the infected brinjals and were reared in the
laboratory. The instars were identified on the basis of head widths which were
found to be 0.20 mm., 0.42 mm., 0.72 mm. and 1.36 mm. in first, second, third
and fourth instars respectively. The various parts of the alimentary canal were
sectioned at 6-8 micra thickness by usual microtomical methods and the sections
were stained by haematoxyline and eosine.

OBSERVATIONS

The alimentary canal is almost a straight tube, nearly as long as the larva
iteelf (Fig. 1) and having a wide lumen. As usual the gut is differentiated into
the foregut, midgut and hindgut of which the foregut and the hindgut are fairly
small while the midgut occupies almost the whole of the abdomen. The exact
dimensions of these divisions vary from individual to individual depending upon

the stage of development, quantity of food material in the lumen and the peristaltic
phase in which the gut is fixed.
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1. Tar ForEgUT

The foregut starts from the level of the mouth and extends backwards upto
the metathoracic segment ‘where it joins the midgut. Its wall is highly elastic and
translucent. It fills the entire thoracic cavity when full of food but when empty
it is much reduced in diameter with several infoldings in the wall. The following
histological layers can be distinguished : (1) an enveloping membrane of connective
tissue, (2) two layers of muscle fibres, (3) a single layer of epithelial cells resting
on a basement membrane, and (4) a thin layer of chitinous intima lining the epithe-
lium continuous with the chitin of the external bodywall.

The foregut can be differentiated into five regions, viz., pharynx, oesophagus,
crop, oesophageal valve and anterior interstitial ring (Borda’s generative region or
Hufnagel’s anterior imaginal ring). The oesophageal valve is the conspicuous
double layered fold which the oesophagus forms at its junction with the midgut
(Fig. 8). Between the posterior fold of this valve and the midgut epithelium there
is a ring of very small rapidly proliferating cells called the anterior interstitial ring.
Immediately anterior to the oesophageal fold the foregut dilates to form the crop
which tapers anteriorly into a narrow tube of which the posterior half is the
oesophagus and the anterior half the pharynx which continues into the mouth
cavity.

(1) Pharynx

The pharynx (Fig. 1) is confined to the head region. Its posterior limit is
defined by the attachment of posterior dilator muscles to its wall. In longitudinal
sections (Fig. 4) this limit can also be detected by the sudden thickening of the
intima at the commencement of the oesophagus. Throughout its length the
epithelial lining is thrown into a number of folds prejecting into the lumen of
the gut (Fig. 2). The epithelial layer seems to form a thin syncitium, the margins
of the individual cells are indistinguishable from each other. The presence of
prominent nuclei in the epithelium at certain places causes the surface to bulge out.
The chitinous intima lining the epithelial layer internally is very prominent but
is not provided with bristles as observed by Henson (1931) in Vanessa.

Cr. "Mes. Col.

Fig. 1

Alimentary canal of the larva showing gross anatomy (diagrammatic).
An., Anus; Col., Colon; Cr., Crop; Mes., Mesenteron; QOes., Oesophagus; Ph., Pharynx;
Rec., Rectum.

(2) Oesophagus

It extends from the posterior end of the pharynx beyond the level of the
attachment of the dilator muscles and continues beyond the level of dorsal margin
of the head capsule (Fig. 1). Its posterior limit is marked by the absence of
longitudinal foldings of the epithelium and by the increased width of the lumen
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(Fig. 5). The epithelium is similar to that of the pharynx but the chitinous intima
of the oesophagus is thicker and bears backwardly directed spines (Fig. 3). The

Fig. 2, T.S. Pharynx; Fig. 3, T.S. oesophagus; Fig. 4, L.S. through pharynx and
oesopbagus. Fig. 5, L.S. through oesophagus and crop; Fig. 6, T.8. crop; Fig. T.S.
oesophageal valve. Ab.F., Abaxial fold; Ad.F., Adaxil fold; C.M., Circular muscles;

“Cr., Crop; Epi., Epithelium; In.,, Intima; L.M., Longitudianal

muscles; Oes.,
Cesophagus; Ph., Pharynx; V., Valve.
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epithelium is thrown into six longitudinal folds which are all equally well developed.
Both longitudinal and circular muscles are well developed but the former are
discontinuous and form several longitudinal bands separate from one another.

(3) Crop

It is the largest region of the foregut and is in the form of a pear-shaped
sac situated in the pro- and mesothoracic segments (Fig. 1). Its thin epithelial
wall is formed of large flattened cells with their margins merged with each other
(Fig. 6). The nuclei are quite distinct but are smaller than those of the pharynx
and the oesophagus. The chitinous intima is very thin and possesses a few fine
bristles. The epithelium is not produced into folds which are quite conspicuous
in the pharynx and the oesophagus. Like Vanessa (Henson, 1931), the midgut
comes much further forward on the ventral side than on the dorsal side. Hence
the crop is attached obliquely to the anterior end of the midgut.

(4) Oesophageal Valve

In this region the oesophagus is invaginated into the lumen of the midgut
(Fig. 7) and in a L.S. (Fig. 8) it appears to hang down in the form of a double
walled pocket-like fold. A blood sinus fills the fold of the valve. The structure
of the wall of the fold resembles that of the oesophagus proper. The epithelial
layer and the chitinous intima investing it from within continue in the walls of
the fold. The intima is smooth and is neither provided with spines nor is it
thickened to form a conspicuous annular ring on the posterior edge of the invagi-
nation. The sinus contains blood which is seen in the form of reticular mass in
the sections. Because of the absence of any restraining cords or muscles the
oesophageal valve in this insect seewns inefficient to serve as a press for the peritro-
phic membrane.

(8) Anterior Interstitial Ring

In between the abaxial fold of the oesophageal valve and the midgut epithe-
lium iz a small part of the gut wall (Fig. 8) showing a layer of small nuclei. This
forms the interstitial region. The walls limiting the boundaries of the cells in this
region are not perceptible. There is a chitinous intima lining the layer from within,
which is continuous with the layer of intima over the oesophageal valve and the
foregut. Tt is thus clear that this region forms a part of the stomodaeum. A
few cells at the extreme anterior end of the migdut also can not be easily distin-
guished in shape and form from the cells of the interstitial region.

2. Tre Mmgur

It extends from the mesothoracic segment to the sixth or the middle of the
seventh abdominal segment (Fig. 1). Unlike the foregut the midgut is an undif-
ferentiated tube of uniform diameter throughout its length. It is formed of the
following layers: (1) An enveloping membrane of connective tissues, (2) two
layers of muscle fibres, (3) a single layer of midgut epithelial cells resting on a
basement membrane, and (4) the peritrophic membrane.

At both the anterior and the posterior limits of the midgut the epithelial cells
become gradually smaller in size . (Figs. 8 and 13) till they reach the normal
dimensions of the cells of the anterior and the posterior interstitial rings respectively.
It is therefore not possible to determine the anterior and posterior limits of the
midgut epithelium. It has been suggested that these transitory cells have arisen
from the cells of the interstitial rings. Despite the transitory cells, the anterior
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limit of the midgut is indicated clearly by the abrupt discontinuance of the thick
musculature of the foregut.

The musculature of the midgut has essentially the same character throughout
its length. Tt consists of an outer layer of longitudinal muscle fibres and an inner
layer of circular fibres (Fig. 12). The longitudinal muscle fibres are quite numerous
and the distance between them varies with the age and also the degree of relaxation
or distention of the gut. On the whole, the muscular coat i1s quite thin as
compared to that of the fore and the hindgut.

(1) Midgut Epithelium

The single layer of midgut epithelium (Fig. 12) which rests on a conspicuous
basement membrane consists of three types of cells viz., (a) the ordinary columnar
or cylindrical cells constituting the majority, (b) the calciform or goblet cells lying
scattered in between the columnar cells, and (3) a few interestitial or regenerative
cells which lie scattered singly or in groups at the basses of the former two types.

Interstitial Cells (Fig.12). Two types of digestive cells originate from the
regenerative or interstitial cells. These cells either occur in groups called nidi or
are scattered singly all over the base of midgut epithelium. They are generally
very small but variable in size, roughly triangular, with prominent nuclei and
often with indistinct cell walls. They are covered over by tall columnar and
goblet cells.

Columnar Cells (Fig. 12). The large columnar cells outnumber other types
of cells in the midgut epithelium. Their dimension depends on the stage of deve-
lopment and on the degree of the contraction and relaxation of the gut wall.
These cells possess an internal ‘striated border’ of variable height which is highest
in the anterior part of the midgut where the cells are taller than the posterior part.
The striated border may be regarded to increase the cell surface for these activities .
It may as well serve to discharge the secretion more uniformly. These cells have
distinct lateral walls and their basses rest on a thin basement membrane. The
cytoplasm is clear and finely granular. The nucleus which occupies a central place
is prominent and is somewhat ovoidal in shape. In the distal ends of many full
sized columnar cells are observed some globular or vesicular protrusions which
appear arising from the lumen ends of the cells and are particularly abundant in
the older larvae. Such protrusions are never observed in smaller or newly formed
columnar cells. These globules are sometimes clear but are often partially or
completely filled with a granular substance which stains much like the cytoplasm
of the cell. The vesicles are often regarded as secretory globules but the evidence
here clearly indicates that they are nothing but cell disintegration products and
are not secretory in function.

Goblet Cells (Fig. 12). These cells have more or less the same form as the
columnar cells but the upper half of each is occupied by a typical globlet due to
which they are usually expanded in their middle part. Occasionally the goblet
opens at the distal end of the cells. The cavities of the goblets appear clear and
their lining is much like the striated border of the columnar cells. Their morpho-
logical nature strongly suggests that they may be the invaginations of the distal
cell surfaces of the ordinary columnar cells. The size of the goblet is very variable
in different cells and depends on the stage of their development. Due to the
presence of the goblet the cytoplasm is accumulated at the basal region of the
cell which also accommodates the nucleus.

(2) Activities of the Midgult Epithelium

The midgut epithelium is concerned with secretion and absorption and shows
degeneration and regeneration of cells during or following secretion and the dis-
“integration of the epithelium at the commencement of the metamorphosis. Since
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these phenomenon are repeated uniformly in each instar, the observations were
taken in the various developmental stages of the third instar larvae only.

In the very early third instar larvae (Fig. 9) i.e. immediately after the second
moulting the interstitial cells are large in number and situated separately or in
groups. All stages of development from small interstitial cells to the normal
sized columnar cells are observable. Some of the interstitial cells are as tall as

Fig. 8, L.S. through the oesophageal valve; Fig. 9, T.S. midgut of early third instar
larva; Fig. 10, T.8. midgut of third instar larva of a little later stage; Fig. 11, T.S. mid-
gut of the late third instar larva; Fig. 12, T.S. midgut of fourth instar larva.

A.LR., Anterior interstitial ring; Clm., Columnar cell; .M., Circular muscles; Cr. Crop;
Glo., Globular extrusions; Gob., Goblet cell; In., Intima; Int., Interstitial cell; L.M., Longi-
tudinal muscles; Mes., Mesenteron; Oes.V., Qesophageeal valve; P.M. Peritrophic mem-
brane; St.B., Striated border. :

4
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the columnar cells with their cytoplasm strongly stainable. Those which are
only partially developed are narrow and possess a comparatively large nuclei.
The goblet cells are all of uniform size.

In the middle aged third instar larvae (Fig. 10) the interstitial cells are fewer
while the normal sized columnar cells are comparatively more numerous. These
normal sized columnar cells are surrounded by many smaller ones which vary in
size. The smaller cells obviously represent stages in the development of columnar
cells and when fully developed will form the typical normal sized columnar cells.
A few slightly taller cells also contain a small goblet and the total number of goblet
cells is larger than the number found in the early third instar of the larvae. The
presence of goblet cells of varying sizes also indicates that they have been recently
formed. There appears to be no clear difference between the developing cells
destined to form the colummnar cells or the goblet cells. The fate of the newly
formed cells is unpredictable until the appearance of a tiny goblet which distin-
guishes them from the columnar cells.

In the late third instar larvae (Fig. 11) i.e. just before the next ecdysis the
epithelium possesses a large number of normal sized columnar and goblet cells.
The number of interstitial cells is also larger. Although mitotic figures could not
be observed, it is evident that the number is increased by the mitotic multiplication
of the interstitial cells. Another noteworthy feature is the presence of a large
number of globular protrusions or vesicles arising from the lumen ends of some
of the older and normal sized columnar cells. These vesicles are attached to larger
cells, particularly those which are far removed from the nests of interstitial cells
and have been regarded by some early workers to be secretory in nature. But
in view of the fact that they invariably appear in the midgut of the late instar of
the larvae and arise only from older columnar cells they seem to be cell disintegra-
tion produects. Had they been secretory in function they would have been more
abundant in the gut of the early third instar of the larva when it feeds more actively
than before the ecdysis.

(8) The Peritrophic Membrane

It is in the form of & thin transparent membrane (Fig. 8) surrounding the
food contents in the lumen of the midgut. The whole of the membrane can be
taken out along with the food contents which it envelops bringing with it a torn
portion of the midgut cells of the anterior region. Close examination of the trans-
verse and the longitudinal sections of the midgut reveals the total absence of any
reinforcement of the membrane from the general surface of the midgut epithelium.
Moreover, except for the anterior region where it is closely attached to the cells
producing it, there is a definite space between the epithelium and the peritrophic
membrane. This space is filled with scattered granular material. Hence it appears
to be formed only by the cells of the anterior end of the midgut. The distance
between tho wall of the oesophageal valve and the midgut epithelium is many
times greater than the thickness of this membrane. Hence there is no possibility
of the valve working as a press to mould the peritrophic membrane as suggested
by Wigglesworth (1930).

3. Tmar Hixbceur

The hindgut extends from the posterior end of the midgut to the anus (Fig 1).
The layers of tissues in the hindgut are, (1) an enveloping membrane of connective
tissue, (2) layers of muscle fibres, (3) a single layer of epithelium resting on basement
membrane, and (4) a chitinous intima lining the epithelium internally. Six distinct
regions can be recognized in the hindgut, viz. posterior interstitial ring, ileum,
anterior sphincter region, colon, posterior sphincter region and rectum.
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(1) Posterior Interstitial Ring

This region (Fig. 13) corresponds tv the anterior interstitial ring of the foregut
and is in the form of 2 double fold projecting into the lumen of the gut with both
the muscular layers present. The cells of the ring are well defined but lack definite
boundaries. The nuclei, which form a single row, are quite prominent and numerous.
The chitinous intima lining the cells shows that they belong to the proctodeal
regions. Henson (1931) in Vanessa found numerous transverse rows of fine bristles
on the posterior layer of the intima. No such bristles could be detected in the
insect under study.

(2) Ileum

Lying between the posterior interstitial ring and the anterior sphincter region
is the funnel-like ileum. Its epithelium (Fig. 14) consists of a layer of large flat
cells. The walls separating the cells are quite indistinct but the nuclei are easily
visible. The cells in the anterior part of the ileum are larger and possess more
distinct boundaries. The intima lining the epithelial cells of this region is quite
smooth and uniform. The musculature consits of an inner layer of circular fibres
which are covered over by an outer layer of longitudinal fibres.

Fig. 13, L.S. through the junction of midgut and hindgut; Fig. 14, T.S. ileum; Fig. 15,
T.S. anterior sphinocter region; Fig. 16, T.S. colon.

C.M., Circular muscles; Epi., Epithelium; Il., lleum; In., Intima; L.M., Longitudinal
muscles; Mes., Mesonteron; P.I.R., Posterior interstitial ring.
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(3) The Anterior Sphincter Regian

Between the ileum and the colon is ~he tube-like anterior sphincter region.
This region (Fig. 15) becomes prominent because of having very well developed
musculature. The circular muscles are very strongly developed. The epithelial
cells possess large prominent nuclei but are not provided with distinct cell boun-
daries. The wall of the epithelium is thrown into deep longitudinal folds.

L.V.S. through rectum and fiseal chamber.
An., Anus; A.Rec., Anterior rectum; B.W., Body wall; C.M., Circular muscles; Epz.,
Epithelum; In,. Intima; Mal.7., Malpighian tubule; Memb., Membranes forming the
fiscal chamber; P.Rec., Posterior rectum.

(4) The Colon

It is a distinet globular structure lying between the anterior and the posterior
sphincter regions (Fig. 1). The epithelium (Fig. 16) is well defined with large flat
cells possessing prominent and deeply staining nuclei. The cells are not provided
with distinct boundary lines. The wall of the colon is thrown into several longi-
tudinal folds. The intima is smooth and thin and is not provided with bristles.
The muscle system is much reduced and only the circular muscles are present,
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(0) The Posterior Sphincter Region

Lying in between the colon and the rectum is the posterior sphincter
region which is provided with strongly developed circular muscles. The epi-
thelial wall is thrown into deep longitudinal folds. The cells have large and
deeply staining nuclei and indistinet boundary walls, thus presenting a syncy-
tial appearance. The intima is smooth and well develcped. The posterior
sphincter region is feebly developed in comparison with the anterior sphincter
region.

(6) The Rectum

The rectum (Fig. 17) is differenciated into two parts—the anterior rectum
and the posterior rectum. '

The anterior rectum consists of the first half of the globular chamber. Its
epithelium consists of very large flattened cells which possess large and deeply
staining nuclei. The intima is smooth and is much similar to that of the colon,
Surrounding the entire region of the anterior rectum are two thin membranes of
squamous epithelium. The malpighian vessels lie in the space between the epithe-
lium and the membranes.

The posterior rectum joins the anterior rectum obliquely and continues to
the anus of the larva. The whole of the posterior rectum appears funnel shaped
in the longitudinal sections and triangular in the transverse sections. The
epithelial cells comprising the posterior rectum are smaller. The intima is smooth
and possesses no bristles. The anterior margin of the posterior rectum is marked
by the origin of the two membranes (Fig. 17) of the fiscal chambers which
envelop the anterior rectum.

DiscussioNn

(1) Oesophageal Valve

Wigglesworth (1930) in Cheimabacche fegelln, Ephestia kuhniella and Sitotroga
cerealella, Henson (1931) in Vanessa and several others in various Lepidoptera
have described the oesophageal valve to be hanging down in the midgut as a
delicate curtain and not provided with blood sinus. The oesophageal valve in
L. orbonalis is provided with a blood sinus which has so far not been reported
in any other Lepidoptera except in Io irene (Bordas, 1911). In the insect under
study the oesophageal epithelium is continued over the folds as also observed by
Henson (1931) in Vanessa. The cells of the oesophageal valve are similar to those
of oesophagus and are lined with chitinous intima which is neither provided with
spines nor is thickened to form a conspicuous ring and is thus unlike those described
by Wigglesworth (1930) in Diptera and Hymenoptera.

Henson (1931) felt that in Vanessa this structure is inefficient as a valve because
it is not provided with restraining cords and also because it is incomplete like a
split cylinder, being absent in the midventral line. He regards it as a mere guide
for leading the food in the midgut. Wigglesworth (1930) however regards that
in those Lepidoptera in which it is not provided with a sinus, the fold of the
oesophageal valve serves to press the peritrophic membrane against the midgut
epithelial cells producing it because in normal state the gut of the larva remains
distended, whereas in those larvae in which a blood sinus is present the condition
is similar to that of tenthredinid larva and the sinus itself gets distended to work
a8 an efficient press. He stressed the hypothesis that the function of the invagi-
nation is to permit the peritrophic membrane to arise anteriorly to the point of
entry of the food into the gut. Moreover, he believed that the peritrophic
membrane is pressed between the invagination and the midgut epithelium. This



108 B. P, SRIVASTAVA : MORPHOLOGY OF THE ALIMENTARY CANAL OF THE

may well be true, for example, in Diptera and in Dermaptera where there is a
conspicuous annular ring on the posterior edge of the invagination which might
act as a press. But it certainly does not appear to be the case in L. orbonalis in
which no such ring is present and the distance between the oesophageal invagi-
nation and the midgut epithelium is many times the thickness of the peritrophic
membrane. Moreover, the invaginated organ must undergo the normal writhing
movements which would render it unsuitable to act as a press. It, therefore,
appears reasonable to believe that the oesophageal valve in L. orbonalis is not
likely to function as an efficient press mechanism. Moreover, like Vanessa it is
incomplete and without cords; hence it cannot work as a valve also. Certainly
some other function must be ascribed to the oesophageal invagination. A function,
and an important one, of the crop is to get dilated with air during moulting to
enlarge the cuticle before hardening occurs. A study of the crop in moulting
insects reveals that it is the main organ distended with air and that there must
be an effective mechanism to prevent this air from passing into the midgut. The
oesophageal invagination appears to serve this purpose.

(2) Midgut Epithelium

The presence of three different kinds of cells, viz., interestial, columnar and
goblet brings up the question of their morphological relationship with one another.

There is no doubt that the interstitial cells are really embryonic rudiments
and the large numbers in which they are produced at each larval ecdysis clearly
suggests that their primary function i to increase the number of the goblet and
the columnar cells. Their regenerative function has been established by Henson
(1929) in Vanessa, Yung Tai (1929a) in Galleria and Woke (1941) in Prodenia. In
L. orbonalis also it has been found that in the early third instar larva there are
a large number of interstitial cells which soon differentiate into the columnar and
the goblet cells. Although multiplication by mitosis could not be difinitely observed
but their appearance in very large numbers is evidently by mitotic division of the
originally existing interstitial cells.

Regarding the morphological relationship of the columnar and the goblet
cells some early workers notably Shinoda (1927) and Buchmann (1928) concluded
that the two forms are homologous. Shinoda regarded the different forms of cells
as functional variations of the same type and postulated that the function of the
columnar cells is both secretory and absorptive while the goblet cells are developed
from the columnar ones when the latter have emitted secretion. Vignon (1901),
however, felt that the goblet cells are not a phase in the development of the
columnar cells. Henson (1929), Tung Tai (19296) and Woke (1941) believed that
both the types of cells are present at the time of hatching and that they are
distinctly different kinds of functional epithelial cells. They regarded them to
be dimorphous. Yung Tai found that they are differentiated even in the embryo
and that they are generated separately from the interstitial cells. Observations
in L. orbonalis indicate that both the types of cells are dimorphous.

The question arises about the respective functions of the two kinds of cells.
Notable among the early workers was Van Gehuchten (1890) who regarded that
the functions of secretion and absorption are carried out by two sets of cells.
Yung Tai (1929), on the other hand, postulated that the goblet cells of the larval
epithelium of Galleria are exclusively secretory while the columnar cells may be
either secretory or absorptive in function, though the same individual cells do not
function in both the capacities. Woke (1941) believed that in Prodenia the
columnar cells are both secretory and absorptive in function while the goblet cells
may be only secretory. He feels that the cavities of the goblet cells may satis-
factorily function as reservoirs of secretions so that it may readily reach the lumen
through a narrow opening at its Jumen end. In most of the insects, however,
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the goblet cells are absent and both the funetions of secretion and absorption
are performed by the epithelial cells which very much resemble the ordinary
columnar cells of the lepidopterous larvae. Hence, it appears “easonable to believe
that the columnar cells of the larval Lepidoptera are also capable for both absorp-
tion and secretion. Although nothing can be definitely said about the possible
role of the goblet cells, their morphological structure indicates that they are more
suited for the purpose of secretion only, particularly because their surface which
may be the only place for carrying on absorption is tucked inwards and does not
come in direct contact with the food present in the lumen.

At the distal ends of many full sized and old columnar cells, globular protrusions
or vesicles are observed. Van Gehuchten (1890), Bordas (1911) and Shinoda (1927)
regarded these structures as secretion vesicles. This view was disagreed to by
Pavlovksy and Zarin (1922) who believed that they are nothing more than artifacts.
Henson (1929) proved that these vesicles are cell disintegration products. Yung Tai
(1929) made a similar suggestion. This view has subsequently been shared by Woke
(1941) who considered the globular protrusions as evidences of approaching
metamorphosis. Day and Powning (1949) on the basis of both histological and
physiological studies on Blatta showed that the presence of these vesicles has no
relationship with the concentration of enzymes in the midgut. It has been noted
in L. orbonalis that the globular vesicles are not present throughout the larval
period but make their appearance during the late third instar larvae. Normally
the larvae feed actively soon after the ecdysis and stop feeding in the latter part
of each instar ie. just before the moulting. Hence if the globules are regarded
to be secretory their formation should be continuous all along the larval life and
their number should be particularly abundant when the insect is actively feeding
i.e. in the early part of each instar. But such is not the case. Besides this, it
has been observed that the globules arise invariably from the older cells. It also
indicates that they represent cell disintegration products and are not in anyway
related to the process of secretion.

-(3) Peritrophic Membrane

The literature on the peritrophic membrane of insects is very extensive and
controversial. Much confusion prevails because of a commonly held view that
the cells of the midgut cannot secrete chitinous membrane. Bordas (1911)
concluded that the peritrophic membrane is formed by the secretion of a deeply
staining ‘ring of small cells’ at the base of the oesophageal valve. But he does
not state whether these cells belong to the foregut or the midgut. Henson (1931)
showed that this ring belongs to the foregut but he argued that this region of
foregut is lined with chitinous intima and therefore cannot be expected to secrete
two different types of lining for the foregut and the midgut at the same time. He
concluded that the entire peritrophic membrane is secreted by midgut cells. Soon
after, Grambell (1933) and Butt (1934) postulated that the cells of the anterior
end of the midgut arise from stomodaeum and are, therefore, capable of producing
chitinous peritrophic membrane. Most of the workers, viz., Van Gehuchten (1890),
~ Vignon (1901), Pavlovksy and Zarin (1922), Snodgrass (1925), Wigglesworth (1930),
~ Henson (1931) and several others have shown that the midgut cells as such, although
derived from mesenteron, can secrete chitin and it is not necessary for the cells
" to have stomodaeal origin to be able to secrete peritrophic membrane: ¥n
L. orbonalis also it has béen found that the peritrophic membrane is produced by
the midgut epithelium. Now two modes of the formation of peritrophic membrane
have been described. In some insects, it is a tough tube consisting of one or more
layers and is produced mainly by the anterior end of the midgut. 1In others it
consists of a large number of thin layers which arise by the successive delaminations
from the entire surface of the midgut epithelium. Snodgrass (1925) showed that
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in honey bee the multilayered membrane is formed of layers produced by both
the methods. He described the existence of a number of connections between the
membrane and the midgut epithelium which act as reinforcements. Henson (1931)
indicated that although the peritrophic membrane in Vanessa is formed by the
secretion of the cells of the anterior midgut it may also be reinforced by the
secretion from the cells of the midgut along the whole of its length. Van Gehuchten
(1890) observed that in Ptychoptera the cells of only the anterior end of the midgut
secrete the membrane. Vignon (1901), on the other hand, regarded that in Bombyx
mori the peritrophic membrane is formed by delamination from the entire surface
of the midgut epithelium. It has been shown in L. orbonalis that the membrane
is secreted by the midgut cells localized in its anterior region and is not reinforced
from the rest of the midgut cells as in Vanessa (Henson, 1931) or honey bee
(Snodgrass, 1925). In the insect under study the membrane is separated from
the midgut epithelium by a clear space except at anterior end of the midgut where
it is in intimate contact with the cells producing it. No other counection was
observed between the membrane and the rest of general surface of the midgut.
In fact, whenever the membrane is pulled out it brings with it some portions of
the anterior region of the midgut epithelium which is clearly suggestive of the
fact that the cells so torn give rise to the membrane.
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