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Studies on the Physiology of Digestion in the last Instar Larva
of the Rice Moth (Corcyra cephalonica Stainton)

1. Digestive enzymes and effect of starvation on their secretion

(Lepidoptera: Galleriidae)
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Introduction

SrrvasTava (1960) studied the hydrogen-ion concentration of the gut of the larva of
Corcyra cephalonice Srainton. The present paper deals with the various digestive
enzymes secreted by the alimentary canal of the larva and also the effect of starvation
on the secretion of these enzymes.

Material and methods

Larvae were reared in the laboratory as already described (Smrvastava, 1960).
Fully developed larvae of the last instar were taken out from the culture for each set of
experiment. They were equally divided in two sets. Estimations were made immediately
from one set of the larvae, while the larvae of the other set were starved individually
for a period of five days in small petri dishes, and their excreta cleaned four times daily
in order to avoid its ingestion. No larva died because of this short starvation during the
course of experiment.

Homogenate was prepared in ice-cold double distilled water, as glycerol had inhi-
bitory effect on some of these enzymes (Srivasrava, 1959). Ten larvae were taken at a
time for the preparation of the homogenate, they were dissected in ice-cold distilled
water. Alimentary canal after being cleaned with the adhering tissues was divided into

1} Part of the thesis approved for the degree of Doctor of Philosophy of the Lucknow
University in 1958.
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five pieces, viz., fore-gut, mid-gut, ileum and colon, rectum and Malpighian tubules.
The contents and the tissues of these pieces were separately stored in watch glasses
containig a little distilled water and a drop of toluene, till all the ten larvae had been
dissected. These watch glasses were maintained at sufficiently low temperature by
keeping them in a glass trough filled with freezing mixture. Tissues were separately
homogenized in an electrically operated ,,Pyrex tissue grinder®, while the contents were
simply teased or beaten so as to get a homogenous suspension. The volume of the homo-
genate in each case was made to 10 ml. in a volumetric flask. Homogenate thus prepared
was stored in a refrigerator for 114 hours, centrifuged and supernatant used for enzyme
assays. Enzymes in the homogenate to be used in control tubes were denatured by
immersing them in boiling water for 15 minutes.

Methods given in Cor®’s (1942) and Hawx, Oszr & SumMmERsoN’s (1947) books
were employed for the detection of various digestive enzymes exceplt the proteases,
for which the technique was slightly modified to suit the present investigations. Coagu-
lated egg albumin filled in glass capillary tubes was given as substrate. Small pieces
of these capillary tubes were suspended into the reaction mixture, and the presence of
enzyme was indicated, when the albumin was digested only in the experimental tube
leaving behind the empty capillary tube. Incubation was carried out at 37° G. For
amylase, invertase, lactase and maltase reaction mixtures were incubated for one hour,
for lipase 12 to 24 hours, for trypsin and pepsin 24 to 48 hours and for cellulase 2 to 7
days. Optimum pH as determined by Srivastava (1960) for amylase, invertase,
lipase and trypsin was maintained during the reaction of these enzymes, while pH in
the case of lactase and maltase was kept at 6.5, for pepsin at 3.0 and for cellulase 7.5.

Discussion

Secretion of enzyme amylase, invertase, maltase, lipase and protease
(trypsin) from the mid-gut epithelium indicate that the larvae of C. cepha-
lonica like other lepidopterous larvae studied by Stossr (1927), SHinoDA
(1930), ScarorrrE (1944) and Srivastava (1955) are able to utilize all the
essential constituents of the food, viz., carbohydrates, proteins and fats.

The presence of certain enzymes in the contents of the fore-gut of
C. cephalonica larvae and their complete absence in its wall clearly indicate
that these enzymes are not secreted in this region of the alimentary canal,
but are positively regurgitated from the mid-gut. This is in agreement
with the findings of AssorT (1926) and Day & Pownine (1949).

Persistant presence of only amylase and invertase in the larvae of C.
cephalonica starved for a period of 5 days leads author to believe that
these two enzymes do not require the stimulus of feeding for their secretion,
while others, viz., maltase, lipase and trypsin do require the the stimulus
of feeding for their secretion, as these are ceased to be secreted during
starvation. The present observations regarding the stimulus of secretion
i in conformity with those of Fisk & Smamsaveu (1952) on Aedes aegypti
L. and Saxexa (1955) on Dysdercus koenigit FaBr. It has been reported
by Fisx & Smamsaver (1952) that the residual protease activity becomes
very low in blood starved A. aegypti, and that the stimulus of feeding of
blood is required for its secretion. They found that contrary to the be-
haviour of protease there is a significant activity of invertase in the tissues
of the mid-gut and diverticulae of the starved mosquitoes. Fisx & Smam-
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Observations

Table 1. Table showing the distribution of various digestive enzymesin
the different regions of the alimentary canal of Corcyra cephalonica larva

Regions of the gut

Enzymes Fore-gut Mid-gut Ileum and colon Rectum Mal-
pighian
Wall | Contents | Wall i Contents| Wall | Contents| Wall | Gontents| tubules
Amylase | — + ++ | +++ — — —_ e e
Invertase| — -+ + l - — — — _— —
Lactase — e — — — — - — —
Maltase — — -+ I e —_ — — — —
Lipase — — + -+ — — — — —
Trypsin | — — ++ | +++ | — — — — —
Pepsin e — - — — — — — —
Cellulase | — — e — — — —_ — —

Table 2. Table showing the distribution of various digestive enzymes in
the different regions of the alimentary canal of 5 days starved Corcyra
cephalonica larva.

Regions of the gut

Enzymes Fore-gut Mid-gut Ileum and colon Rectum Mal-
pighian
Wall | Contents| Wall | Gontents | Wall | Contents | Wall | Contents| tubules
Amylase | — -+ R -+ — ® —_— —_ —
Invertase| — + |- -+ — — — — —
Lactase — e e — —_ — — — —
Maltase — —_ — — — — — — —
Lipase e — e — —_ — — — —
Trypsin e — e e — — — — —_
Pepsin - — s e —_ —_ — — —
Cellulase | — — — — —_ — — —_ —
+ indicatles positive but weak enzymatic activity,

-+ indicate strong enzymatic activity,

-+ -+ + indicate very strong enzymatic activity,
* indicates occasional enzymatic activity,
—_ indicates no enzymatic activity

BavcH (1952) are in the favour of ‘‘secretogouge” theory, while Day &
Powwning (1949) maintain that hormones provide stimulus of secretion,
they have also mentioned that protease (trypsin) is present in the gut of
three days starved cockroach.

Occasional presence of the enzyme amylase in the contents of the
ileum and colon of the starved larvae is interesting and calls for comments.
The absence of the enzyme amylase in the contents of the rectum clearly
indicates its disposal in the region of ileum and colon. It is quite possible
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that finding no substrate to react in the region of its secretion (i. e., mid-
gut) it makes its way into the ileum and colon, from here it is probably
absorbed into the haemolymph; as it does not descend further to be thrown
out with the excreta.
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Summary

Out of the entire alimentary canal the mid-gut epithelium is the only part which
secretes digestive enzymes amylase, invertase, maltase, lipase and trypsin, in the larva
of Corcyra cephalonica Srainrow. Enzymes are regurgitated even during starvation,
though the secretion of some of these enzymes is stopped in the larvae starved for 5
days. Stimulus of feeding is required for the secretion of maltase, lipase and trypsin,
where as amylase and invertase do not need the stimulus of feeding for their secretion.

Zusammenfassung

Bei der Larve von Corcyra cephalonica STarNTON ist im gesamten Verdauungskanal
das Mitteldarmepithel der einzige Abschnitt, der Verdauungsfermente sezerniert (Amy-
lase, Invertase, Maltase, Lipase und Trypsin). Enzyme werden sogar wihrend des
Hungerns abgegeben, obgleich die Sekretion einiger dieser Enzyme bei Larven nach
5tagigem Hungern eingestellt wird. Eine stimulierende Wirkung der Nahrung ist er-
forderlich fiir die Sekretion von Maltase, Lipase und Trypsin, wihrend Amylase und
Invertase zu ihrer Sekrelion einer Stimulation durch die Nahrung nicht bedirfen.

Pezwome

Y amumERE Corcyra cephalonice STAINTON sTIHUTeJnit cpefHell KUIIKA BO BCEM
NPUIIEBAPUTENBHOM TPAKTe ABJIETCH eJUHCTBEHHBIM YYaCTHOM, BHILEIAONUM
(depMeHTH NHUINeBAPCHUA (AMHJIA3y, UHBEPTA3y, MajTasy, JUNasy K TPUIICUH).
SH3UMBL BBIIEJIAIOTCA Iarke BO BPEM: T'0JIOROBAHWA, XOTA BBHIAENEHNE HEKOTOPBIX
W3 9THX DHSUMOB JMYUHOK IPEKPAIALTCA [10Cke IATHIHEBHOI0 CPOKA MOJIOTAHNA .
Crumynupyolee neficTBIe HHINM HEoOXOOMMO IJIA BBIAEJIEHMWA MAaJTa3bl, JHIIA3LI
¥ TPUIICHHA, MEKIY TeM, KaKk aMijiasa U MHBepTasa He HYHIAKTCA B IHIe NS HX
BBII€IICHNA,
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On the Hydrogen-Ion Concentration
in the Alimentary Canal of the Coleoptera
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Introduction

In an earlier paper on the hydrogen-ion concentration of certain Orthopteroid
insects, the authors (Srivastava & Srivastava, 1956) had concluded that within a
particular group of insects, the hydrogen-ion concentration of the different parts of the
alimentary canalshows alimited range within which the variation observed from insect to
insect may be related to the feeding habit. It was also shown that while the difference
in the hydrogen-ion concentration of the various kinds of food may affect the hydrogen-
ion concentration of the fore-gut and the hind-gut of an insect, it does not influence the
hydrogen-ion concentration of the mid-gut which shows a great deal of constancy. These
conclusions were based on a study of the hydrogen-ion concentration of 15 species of
relatively primitive groups, and it appears necessary to check their validity by obser-
vations in some other order, preferably a highly evolved one. In the present paper,
therefore, the authors have given the hydrogen-ion concentration of the different parts
of the alimentary canal of 16 species of Coleoptera belonging to 12 families and with
diverse food habits. In some cases, both larvae and adults of the same species were
examined.

Material and technique

The names of the insects examined, along with their families and food habits,
have been given in Table 1. The method of determining the pH was broadly the same
as described before (Srrvastava & Smivastava, 1956). But in certain cases, efforts to
feed the insects on bits of pH paper have succeeded. In these cases, the alimentary
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