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In the present study we investigated biochemical characters of haemolymph of silkworm
(Bombyx mori. L.) larvae infected with Aspergillus fumigatus. In these experiment larvae
at three different stages were used i.e. 3rd, 4th and 5th instars. Each stage instar larvae were
divided into two groups, first group considered as a control and second group infected
orally with A. fumigatus. Haemolymph was collected from group 1 and 2 silkworm one
hour after infection with A. fumigatus. The total haemocyte population in haemolymph
was estimated by trypan blue test. The total number of haemocyte population decreased in
all three instars larvae infected with A. fumigatus when compared to control instars. The
total protein concentration in hemolymph was determined with Folin Ciocalteau’s reagent
according to the Lowry et al., (1951). Protein content in haemolymph was found to be
markedly reduced following appearance of disease symptoms in comparison to healthy
larvae. Lipid peroxidation was determined by assaying malondialdehyde (MDA)
formation method, which indicated that there was a gradual increase in lipid peroxidation
activity in all three instars larvae of A. fumigatus infected when compared to control
instars. Acid phosphatase activities in tissue homogenate was determined. Acid
phosphatase was used as a marker enzyme for lysosomes and for apoptosis. The acid
phosphatase activity increased in 3rd, 4th and 5th instars of A. fumigatus infected  silkworm
larvae when compared to the control. Glutathione (GSH) levels was also estimated in the
tissue homogenate, GSH, the dominant intracellular thiol, plays an important role against
oxidative stress. The gluthathione levels in all three instar larvae of A. fumigatus infected
decreased when compared to the control groups.
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INTRODUCTION
Insects are the most diverse lineage of all life in numbers of
species, and ecologically they dominate terrestrial ecosystems
(Engel and Grimaldi, 2004). They are among the most
primitive and most flourishing group of animals that exist in
a myriad of environments where the potential for infection
by microorganisms and parasites is great (Rajmohan , 1998;
Narayanan, 2004). As part of  survival strategy, insects
have evolved numerous and effective resistance and defense
mechanisms to most of the conventional chemical
insecticides such as possession of genes for high levels of
oxidase, esterases, glutathione-s-transferases. Host
specificity observed with many insect pathogens
demonstrates that insect species are naturally resistant to
microorganisms (Narayanan, 2004). Indeed, insects that are
susceptible to a pathogen can show resistance to various
entomopathogens and try to resist infection through
morphological, behavioral, developmental, physiological,
nutritional, biochemical and molecular genetics mechanism.

Among the insects, domesticated silkworm, Bombyx mori L.
is a typical insect belonging to family Bombycidae, and one
of the genetically well-characterized insects next only to the
fruit fly Drosophila. It has recently emerged as lepidopteran
molecular model system (Goldsmith, 1995). The important
lepidopteran special feature seen in B. mori L. is silk
production.

Silkworm as a model of  bacterial and fungal infection. There
are several advantages to using silkworms as an infection
model, such as low cost, the absence of ethical problems that
are associated with the use of mammals, and a body size large
enough to handle while injecting sample solution into the
haemolymph (Kaito and Sekimizu, 2007). Haemolymph is the
only extracellular fluid of insects with diverse functions and
serves as reservoir for the products required for every
physiological activity of the insect body, thus changes in the
composition of haemolymph reflect the physiological and
biochemical transformations taking place in the insect tissues
(Pawar and Ramakrishnan, 1977). Haemolymph is a dynamic
fluid tissue with a close metabolic relationship with other
tissues and organs. The progress of a fungal pathogen can
monitored by studying the degree of variation in several
biochemical constituents in the haemolymph (Rajitha et al.,
2013).

MATERIALS AND METHODS
Experimental Design

In the present study three different instar larvae i.e. 3rd, 4th and
5th of silkworm were used. The instar larvae were divided into
two groups

Group 1       :  Normal
Group  2 : A. fumigatus infected orally.

The instar larva of the 3rd, 4th and 5th were divided into two
groups (each group consisting of 30 – 40 larvae) One group
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maintained as control (normal and healthy ones) and the other
group were infected with A. fumigatus by feeding infected
mulberry leaves.  Strict hygienic conditions were maintained
and a bed clearing was followed strictly. The larvae at molt
were kept undisturbed.

Insect rearing

Third, fourth and fifth instar larvae of silkworm of the type
CSR-2× were obtained from Ramanapalli Village Anantapur
District. Silkworms were maintained on mulberry leaves at a
temperature of 27º C and relative humidity of 75 %. The life
span of the silkworm under these conditions was 30-32 days.

Collection of haemolymph from silkworm

The 5th instar larvae were chilled on crushed ice for 10 min and
then swabbed with 70 % alcohol. A small cut was made on the
proleg cuticle and the haemolymph was collected in to sterile
vials containing 0.5 g phenol thiourea which prevents the
melanization of the haemolymph.

Estimation of cell viability -Trypan blue test

The haemocyte suspension (0.2 ml) was mixed with 0.3 ml of
PBS and 0.5 ml of trypan blue in a small test tube. The aliquot
was then placed on a hemocytometer and number of viable
cells were counted under the microscope. The plasma
membrane of the viable cells does not permit the entry of
electrolyte dye substance. This phenomenon is used to
distinguish dead cells from living haemocytes. Percentage of
viability was calculated by the following formula:% of viable cells= Number of viable cellsNumber of viable cells + Number of dead cells × 100
Estimation of protein from cell free extracts

The total protein content was determined according to the
Lowry et al. (1951). For the estimation of protein content, 0.1
ml of protein solution was treated with 0.9 ml of alkaline
copper sulphate solution. Further, 5 ml of alkaline copper
sulphate solution was added and allowed to stand for 10
minutes at room temperature. Then 0.5 ml of Folin
Ciocalteau’s reagent was added, and mixed thoroughly with a
cyclomixer and allowed to

stand for 30 minutes for color development. Absorbance was
measured at 750 nm in a Spectrophotometer. Bovine serum
albumin was used as standard.

Glutathione assay

The tissue homogenate (0.5 ml) was treated with 3.5 ml of 5%
Trichloroacetic acid (TCA). The precipitate was removed by
centrifugation. To 0.5 ml of supernatant, 3.0 ml of phosphate
buffer and 0.5 ml of Ellman’s reagent were added. The yellow
color developed was read at 412 nm. A series of standards
along with a blank containing 3.5 ml of buffer was used.
Values are expressed as µg of Glutathione (GSH)/mg protein.

Acid phosphatase activity assay

Acid phosphatase activity was determined by the liberation of
p-nitrophenol from the appropriate p-nitrophenyl substrate
according to the method of De Couet et al. (1982). The assay

mixture contained 10 µl of tissue homogenate and 200 µl of
substrate solution (2 mg/ml p –nitrophenyl phosphate, 1 mg/ml
bovine serum albumin in homogenization buffer with 0.1 mol/l
TRIS-maleate at pH 5.2). The enzyme  reaction was carried
out at 21°C and samples arrested at 15 min intervals by
addition of 50 µl 4 N NaOH over 1 h period. The reaction
mixtures were then centrifuged at 1,000 g for 10 min at room
temperature and precipitate was removed. Blanks were
prepared by addition of NaOH prior to enzyme solution. Color
developed was determined at 405 nm using spectrophotometer.
Readings were compared to a standard curve prepared with p-
nitrophenol. The activity of enzyme is represented as mg
pi/gm/hr.

Lipid peroxidation assay

The extent of lipid peroxidation was determined by assaying
malondialdehyde (MDA) formation by the method of Utley et
al., (1967). To 0.5 ml of the tissue homogenate, 0.5 ml of
buffer, 2 ml of 10% trichloroacetic acid (TCA) were added
followed by 4 ml of 0.67% thirobarbatic acid (TBA). The
system was heated in a water-bath at 100 ºC for 20 minutes.
After cooling and centrifugation, the absorbance of the
supernatant was read at 535 nm. A reagent blank was prepared
using water instead of homogenate. The extent of lipid
peroxidation is expressed as n mole of MDA formed/mg
protein.

RESULTS AND DISCUSSION
Trypan blue test

Haemocytes area a complex of several types of cells that
circulate within the haemolymph but are sometimes loosely

Graph 1 Haemocyte count in haemolymph of control and infected
silkworms.

Graph 2 The changes of protein in A. fumigatus infected and healthy
(control) groups of larvae.
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attached to other tissues. Haemocytes have been studied
mostly in lepidoptera, hymenoptera and diptera (Gupta 1985a).

The total number of haemocytes population decreased in all
three instars larvae of A. fumigatus infected when compared to
control instars. Types of haemocytes in most insects are
prohaemocytes, plasmatocytes, granulocytes, coagulocytes,
spherulocytes, adipohaemocytes and oenocytoides (Gupta
1979b). Silkworm to infection by a highly pathogenic
bacterium Bacillus thuringiensis led to decreased haemocyte
number in all the test larvae in comparison to healthy control
and this may because of their deployment in defense response
to bacterial invasion (Krishnan et al., 2001).

The haemocytes can have different roles from actively
spreading the virus to avoiding being infected, to clear virus
from the haemolymph (Terenius, 2004). The immune system
of insects consists of  humoral and cellular responses. The
cellular responses in turn are mediated by haemocytes and
include phagocytosis, nodulation and encapsulation (Ribeiro,
Brehelin 2006). Haemocytes respond to infection by trapping
parasites in nodular structures and phagocytizing the parasites
(Thiago, Alves et al., 2013). Major function of haemocytes
includes phagocytosis of small particles, encapsulation of
large foreign materials, haemolymph coagulation
and storage and distribution of nutritive materials.(
Anandakumar, Sandhya Michael 2011)

Estimation of protein in heamolymph

Proteins have always been an interesting biochemical tool for
insect biochemists because of their pertinent role in the
development, morphogenesis and intermediary metabolic
pathways of insects (Kar et al.,1994). Proteins in the
haemolymph of insects exist in free and bound state. The total
protein concentration decreased in all the three instar larvae of
A. fumigatus infected when compared to their control group.
The main function of the haemolymph proteins function as the
main reservoirs for the supply of amino acids (Kumar et al.,
1998). Proteins are a kind of basic substance to construct
silkworm body and also are important materials in silk and egg
production. Enzymes, hormones and other physiologically
active substances are proteins which can adjust an insects
physiological activity.

Several reports are available on the biochemical changes
which occur during the course nucleopolyhedrosis virus
infection (Krishnan et al., 2001). The changes in the synthesis
of haemolymph protein in Bombyx mori on infection with the

nuclear and cytoplasmic and polyhedrosis viruses have been
studied by Sharma et al., (1994). The haemolymph serum is
the only extracellular fluid in insects. Among its primary
functions are the storage and translocation of metabolic
products throughout the body. It is well known that the
physiological changes occur in the haemolymph during the
course of NPV infection. Haemolymph is the circulating fluid
of insects, similar to mammalian blood, which moves through
the open circulatory system, directly bathing the organs and
tissues. Compared with mammalian blood, insect haemolymph
differs in the absence of erythrocytes and has a high
concentration of several types of free amino acids
(Sairamalinga Reddy et al., 2012).

Glutathione (GSH) assay

Glutathione (GSH), the dominant intracellular thiol, plays an
important role against oxidative stress (Chavan et al., 2005).
GSH has important roles in cellular defense against oxidant
aggression, redox regulation of protein thiols and in
maintaining redox homeostasis that is critical for proper
function of cellular processes, including apoptosis (Circu and
Aw TY, 2008). The gluthathione activity level in all the three
instar larvae of A. fumigatus infected was low when compared
to their control groups (fig.2) whereas in 4th instar larvae, little
of gluthathione activity was observed when compared to 3rd

and 5th instar. GSH is an important intracellular factor that
prevents the accumulation of hydroperoxides and plays an
important role in formation of arachidonic acid metabolites
(Hill et al., 1989). GSH comprises a major portion of functions
such as transport, cellular protection, and detoxification of the
exogenous as well as endogenous toxins.

In the present study, this process was altered in Aspergillus
fumigatus infected larvae of all the three tested instars when
compared to healthy controls. Enzymatically GSH participates
in detoxification of H2O2 and lipid hydroperoxides through
mediation of gluthathione peroxidase and of electrophilic
xenobiotics through the reaction by Gluthathione-S-transferase
(GST) by conjugation of electrophilic xenobiotics to GSH
forming thiol esters. Thus, GSH is an important antioxidant
that functions directly in elimination of toxic peroxides and
aldehydes and indirectly in maintaining vitamin C and vitamin
E and SH dependent enzymes in their reduced and functional
forms. Hence, the measurement of cellular GSH provides the
information about GSH associated scavenging system against
free radicals induced LPO in the metabolic disease condition
and ageing process.

Graph 3 The changes of  gluthathione in A. fumigatus infected and
healthy (control) groups of larvae.
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number in all the test larvae in comparison to healthy control
and this may because of their deployment in defense response
to bacterial invasion (Krishnan et al., 2001).

The haemocytes can have different roles from actively
spreading the virus to avoiding being infected, to clear virus
from the haemolymph (Terenius, 2004). The immune system
of insects consists of  humoral and cellular responses. The
cellular responses in turn are mediated by haemocytes and
include phagocytosis, nodulation and encapsulation (Ribeiro,
Brehelin 2006). Haemocytes respond to infection by trapping
parasites in nodular structures and phagocytizing the parasites
(Thiago, Alves et al., 2013). Major function of haemocytes
includes phagocytosis of small particles, encapsulation of
large foreign materials, haemolymph coagulation
and storage and distribution of nutritive materials.(
Anandakumar, Sandhya Michael 2011)

Estimation of protein in heamolymph

Proteins have always been an interesting biochemical tool for
insect biochemists because of their pertinent role in the
development, morphogenesis and intermediary metabolic
pathways of insects (Kar et al.,1994). Proteins in the
haemolymph of insects exist in free and bound state. The total
protein concentration decreased in all the three instar larvae of
A. fumigatus infected when compared to their control group.
The main function of the haemolymph proteins function as the
main reservoirs for the supply of amino acids (Kumar et al.,
1998). Proteins are a kind of basic substance to construct
silkworm body and also are important materials in silk and egg
production. Enzymes, hormones and other physiologically
active substances are proteins which can adjust an insects
physiological activity.

Several reports are available on the biochemical changes
which occur during the course nucleopolyhedrosis virus
infection (Krishnan et al., 2001). The changes in the synthesis
of haemolymph protein in Bombyx mori on infection with the

nuclear and cytoplasmic and polyhedrosis viruses have been
studied by Sharma et al., (1994). The haemolymph serum is
the only extracellular fluid in insects. Among its primary
functions are the storage and translocation of metabolic
products throughout the body. It is well known that the
physiological changes occur in the haemolymph during the
course of NPV infection. Haemolymph is the circulating fluid
of insects, similar to mammalian blood, which moves through
the open circulatory system, directly bathing the organs and
tissues. Compared with mammalian blood, insect haemolymph
differs in the absence of erythrocytes and has a high
concentration of several types of free amino acids
(Sairamalinga Reddy et al., 2012).

Glutathione (GSH) assay

Glutathione (GSH), the dominant intracellular thiol, plays an
important role against oxidative stress (Chavan et al., 2005).
GSH has important roles in cellular defense against oxidant
aggression, redox regulation of protein thiols and in
maintaining redox homeostasis that is critical for proper
function of cellular processes, including apoptosis (Circu and
Aw TY, 2008). The gluthathione activity level in all the three
instar larvae of A. fumigatus infected was low when compared
to their control groups (fig.2) whereas in 4th instar larvae, little
of gluthathione activity was observed when compared to 3rd

and 5th instar. GSH is an important intracellular factor that
prevents the accumulation of hydroperoxides and plays an
important role in formation of arachidonic acid metabolites
(Hill et al., 1989). GSH comprises a major portion of functions
such as transport, cellular protection, and detoxification of the
exogenous as well as endogenous toxins.

In the present study, this process was altered in Aspergillus
fumigatus infected larvae of all the three tested instars when
compared to healthy controls. Enzymatically GSH participates
in detoxification of H2O2 and lipid hydroperoxides through
mediation of gluthathione peroxidase and of electrophilic
xenobiotics through the reaction by Gluthathione-S-transferase
(GST) by conjugation of electrophilic xenobiotics to GSH
forming thiol esters. Thus, GSH is an important antioxidant
that functions directly in elimination of toxic peroxides and
aldehydes and indirectly in maintaining vitamin C and vitamin
E and SH dependent enzymes in their reduced and functional
forms. Hence, the measurement of cellular GSH provides the
information about GSH associated scavenging system against
free radicals induced LPO in the metabolic disease condition
and ageing process.

Graph 3 The changes of  gluthathione in A. fumigatus infected and
healthy (control) groups of larvae.

Graph 4 The changes of  acid phosphatase in A. fumigates infected and
healthy (control) groups of larvae.
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Acid phosphatase assay

Acid phosphatase used as a marker enzyme for lysosomes and
apoptosis, is involved in the  degradation of insect tissues
(Halaby et al., 2003). Lysosomal participation during the PCD
of PV tissues has been confirmed by the elevated level of the
marker enzyme, acid phosphatase (Purushothaman et al.,
2010).
The acid phosphatase activity was enhanced in 3rd and 4th

instars of A. fumigatus infected  larvae when compared to the
control, whereas in case of 5th instar there was significant
decrease in acid phosphates activity when compared to the
control group (Fig.3). Maximum acid phosphates activity was
observed in third instar A.fumigatus infected larvae with 30.4
nm of PNP liberated/min/ mg protein followed by 4th instar A.
fumigatus infected larvae with 23.7 nm of PNP
liberated/min/mg protein and in 5th instar infected larvae with
4.7 nm of PNP liberated/min/mg protein respectively. Very
less acid phosphates activity was observed from the 5th instar
infected larvae. Whereas in the case of healthy larvae of
silkworm, maximum acid phosphates activity was observed
from the 3rd instar larvae with 26 nm of PNP liberated/min/mg
protein followed by 4th instar with 13 nm of PNP
liberated/min/mg protein respectively. Except in case of 5th

instar, all the A. fumigatus infected larvae secreted more acid
phosphatase activity when compared to their respective
controls (Fig.4). But in case of 5th in star larvae the opposite
trend was observed.

Lipid Peroxidation assay

The data represented in the figure 5 clearly indicate that there is a gradual a
increase in lipid peroxidation activity in the percentage (112.0%,125.0% and
133.4% ) of all the three instars larvae A. fumigatus infected when compared
to control instars. Estimation of lipid peroxidation is essential to assess
oxidative stress in pathophysiological processes. Lipid peroxidation, a well-
established mechanism of cellular injury in plants and animals, is used as an
indicator of oxidative stress in cells and tissues (Hossam et al., 2013). Lipid
peroxidation refers to the oxidative degradation of lipids. It is the process in
which free radicals "steal" electrons from the lipids in cell membranes
resulting in cell damage (Naren, Padmaja, 2013). An increase in concentration
of end products of the lipid peroxidation is the evidence of involvement of free
radicals in the infection conditions. Lipid peroxidation has been implicated in
the pathogenesis of a number diseases including Alzheimer disease, various
chronic inflammatory diseases, fibrosis, cancer, silicosis and Parkinson disease
(Devasagayam et al., 2003). Recently, free radical induced LPO has gained
much importance because of its involvement in several pathologies such as
ageing, atherosclerosis, wound healing, oxygen toxicity, liver disorder,
inflammation etc (Karuna et al., 2009).
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Acid phosphatase assay

Acid phosphatase used as a marker enzyme for lysosomes and
apoptosis, is involved in the  degradation of insect tissues
(Halaby et al., 2003). Lysosomal participation during the PCD
of PV tissues has been confirmed by the elevated level of the
marker enzyme, acid phosphatase (Purushothaman et al.,
2010).
The acid phosphatase activity was enhanced in 3rd and 4th

instars of A. fumigatus infected  larvae when compared to the
control, whereas in case of 5th instar there was significant
decrease in acid phosphates activity when compared to the
control group (Fig.3). Maximum acid phosphates activity was
observed in third instar A.fumigatus infected larvae with 30.4
nm of PNP liberated/min/ mg protein followed by 4th instar A.
fumigatus infected larvae with 23.7 nm of PNP
liberated/min/mg protein and in 5th instar infected larvae with
4.7 nm of PNP liberated/min/mg protein respectively. Very
less acid phosphates activity was observed from the 5th instar
infected larvae. Whereas in the case of healthy larvae of
silkworm, maximum acid phosphates activity was observed
from the 3rd instar larvae with 26 nm of PNP liberated/min/mg
protein followed by 4th instar with 13 nm of PNP
liberated/min/mg protein respectively. Except in case of 5th

instar, all the A. fumigatus infected larvae secreted more acid
phosphatase activity when compared to their respective
controls (Fig.4). But in case of 5th in star larvae the opposite
trend was observed.

Lipid Peroxidation assay

The data represented in the figure 5 clearly indicate that there is a gradual a
increase in lipid peroxidation activity in the percentage (112.0%,125.0% and
133.4% ) of all the three instars larvae A. fumigatus infected when compared
to control instars. Estimation of lipid peroxidation is essential to assess
oxidative stress in pathophysiological processes. Lipid peroxidation, a well-
established mechanism of cellular injury in plants and animals, is used as an
indicator of oxidative stress in cells and tissues (Hossam et al., 2013). Lipid
peroxidation refers to the oxidative degradation of lipids. It is the process in
which free radicals "steal" electrons from the lipids in cell membranes
resulting in cell damage (Naren, Padmaja, 2013). An increase in concentration
of end products of the lipid peroxidation is the evidence of involvement of free
radicals in the infection conditions. Lipid peroxidation has been implicated in
the pathogenesis of a number diseases including Alzheimer disease, various
chronic inflammatory diseases, fibrosis, cancer, silicosis and Parkinson disease
(Devasagayam et al., 2003). Recently, free radical induced LPO has gained
much importance because of its involvement in several pathologies such as
ageing, atherosclerosis, wound healing, oxygen toxicity, liver disorder,
inflammation etc (Karuna et al., 2009).
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Acid phosphatase assay

Acid phosphatase used as a marker enzyme for lysosomes and
apoptosis, is involved in the  degradation of insect tissues
(Halaby et al., 2003). Lysosomal participation during the PCD
of PV tissues has been confirmed by the elevated level of the
marker enzyme, acid phosphatase (Purushothaman et al.,
2010).
The acid phosphatase activity was enhanced in 3rd and 4th

instars of A. fumigatus infected  larvae when compared to the
control, whereas in case of 5th instar there was significant
decrease in acid phosphates activity when compared to the
control group (Fig.3). Maximum acid phosphates activity was
observed in third instar A.fumigatus infected larvae with 30.4
nm of PNP liberated/min/ mg protein followed by 4th instar A.
fumigatus infected larvae with 23.7 nm of PNP
liberated/min/mg protein and in 5th instar infected larvae with
4.7 nm of PNP liberated/min/mg protein respectively. Very
less acid phosphates activity was observed from the 5th instar
infected larvae. Whereas in the case of healthy larvae of
silkworm, maximum acid phosphates activity was observed
from the 3rd instar larvae with 26 nm of PNP liberated/min/mg
protein followed by 4th instar with 13 nm of PNP
liberated/min/mg protein respectively. Except in case of 5th

instar, all the A. fumigatus infected larvae secreted more acid
phosphatase activity when compared to their respective
controls (Fig.4). But in case of 5th in star larvae the opposite
trend was observed.

Lipid Peroxidation assay

The data represented in the figure 5 clearly indicate that there is a gradual a
increase in lipid peroxidation activity in the percentage (112.0%,125.0% and
133.4% ) of all the three instars larvae A. fumigatus infected when compared
to control instars. Estimation of lipid peroxidation is essential to assess
oxidative stress in pathophysiological processes. Lipid peroxidation, a well-
established mechanism of cellular injury in plants and animals, is used as an
indicator of oxidative stress in cells and tissues (Hossam et al., 2013). Lipid
peroxidation refers to the oxidative degradation of lipids. It is the process in
which free radicals "steal" electrons from the lipids in cell membranes
resulting in cell damage (Naren, Padmaja, 2013). An increase in concentration
of end products of the lipid peroxidation is the evidence of involvement of free
radicals in the infection conditions. Lipid peroxidation has been implicated in
the pathogenesis of a number diseases including Alzheimer disease, various
chronic inflammatory diseases, fibrosis, cancer, silicosis and Parkinson disease
(Devasagayam et al., 2003). Recently, free radical induced LPO has gained
much importance because of its involvement in several pathologies such as
ageing, atherosclerosis, wound healing, oxygen toxicity, liver disorder,
inflammation etc (Karuna et al., 2009).
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