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Abstract: Influence of magnetic field on biological system has been reported. The study reveals effect of
magnetization of Bombyx mori larvae on the total protein content level in the silk gland, fat body and
haemolymph of fifth instar larvae. First instar larvae were magnetized in 1000, 2000, 3000 and 4000 Gauss
magnetic field for 30 minutes in a day till first moulting. Variation in the strength of magnetic field significantly
(P<0.01)  influenced  to  the protein content in the silk gland, fat body and haemolymph of fifth instar larvae.
The total protein content was increased with increase in the strength of magnetic field from 1000 to 3000 Gauss
while in 4000 Gauss, the protein content was decreased. The total protein content was maximum in 3000 Gauss
magnetic field and recorded to be  27.342±0.732,  20.246±0.632  and 16.246±0.743 µm/mg in silk gland, fat body
and haemolymph, respectively. Since protein is major and chief constituents of silk thus, the magnetization of
larvae may be boon for sericulture industries to increase the production of silk and economic characters of
silkworm.
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INTRODUCTION germination of seed [9]. Its positive effects include cell

Like agriculture, sericulture plays an important roll in guinea pig [12]. Magnetization of eggs influences
transformation of the rural economy as it assures wide incubation period [13], silk producing potential [14] and
scope in term of regular employment and provides return amino acids content in the larvae of B. mori [15].
round the year. The race nisrari is a resistant variety of In view of this, an attempt has been made to
multivoltine mulberry silkworm (Bombyx mori), which investigate, the effect of magnetic field on the protein
contributes up to a great extent in the commercial content in the silk gland, fat body and haemlymph of fifth
production of silk. The ultimate aim of sericulture is to instar larvae of B. mori.
enhance the production of quality raw silk as per demand
of market. The potential of sericulture as an important MATERIALS AND METHODS
source of income and generating more employment
opportunities is definitely based upon the protein Larvae   of   multivoltine   mulberry  silkworm
metabolism  inside  silk  gland and other tissues of (Bombyx mori), a native of West Bengal in India, were
Bombyx mori. used in present investigation. Quality and diseases free

In order to increase in the production of quality raw laying (Dfls) were obtained from the silkworm grainage
silk, efforts have been made to investigate the effect of Behraich, Directerate of sericulture, Uttar Pradesh, India.
temperature  [1],  relative  humidity  [2], photoperiod [3], The eggs were incubated at 26±1°C temperature and
X-rays [4] on the silk producing potential of B. mori. The 75±5%  relative humidity in plywood trays (23X20X5cm)
effect of magnetism on biological system has been the in BOD incubator under the ideal rearing conditions [16]
subject of world wide interest. Magnetic field influences in the silkworm laboratory, Department of Zoology, MGPG
morphological, physiological and biochemical College, Gorakhpur. The eggs were hatched on the 9  day
characteristic of biological system [5]. Magnetic field of incubation. Thus, the first instar larvae were obtained
affects larval behaviors of silkworm [6], hormonal level [7] which were divided in to five groups, one used as a
and acid phosphatase activities [8] in mouse and control  study  and  other  four  (experimental  groups) for

viability [10], nerve regeneration [11] and bone healing in
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magnetization in 1000, 2000, 3000 and 4000 Gauss gland of fifth instar larvae (Table 1). The protein content
magnetic field separately. Larvae were magnetized in bulk,
by keeping them in plastic container (perforated) and
suspending in between two pole of an axial electromagnet.
The desired field strength was developed by adjustment
of electric power supply, which is regulated by electric
power regulator. Magnetic field strength was measured by
a digital gausso meter. The larvae of first experimental
group  were magnetized in 1000 Gauss magnetic field for
30 minutes in a day up to first moulting. The larvae of
second, third, fourth and fifth instar were not magnetized
and rearing in BOD incubator maintain at optimum rearing
conditions as control group study. The fifth instar larvae
were taken for study of protein content from silk gland, fat
body and haemolymph. Similar experiments were
performed in 2000, 3000 and 4000 Gauss magnetic field
separately.

Estimation of Protein Content: Impact of magnetization of
larvae on the total protein content in the silk gland, fat
body and haemolymph of larvae was study according to
Lowry et al. [17] and modified by Singh and Agarwal [18].
For estimation of protein content 1.0 gm silk gland, 0.1 gm
fat body and 0.5 ml hamolymph from fifth instar larvae
were taken out. The tissues were homogenated separately
in 4.0 ml of 10% TCA and centrifuged at 20,000 rpm for 10
minutes. The supernatant was discarded and precipitate
was washed with 5% TCA and centrifuged for 10 minutes.
It was rewashed with 10% TCA, centrifuged and
supernatant discarded. The precipitate was dissolve in 4.0
ml of 10N NaOH. In 1.0 ml diluted solution, 0.5 ml freshly
prepared alkaline copper solution  was  added.  The
reaction mixture was kept for 10 minutes at room
temperature, then 0.5 ml of folin ciocalteu reagent was
added and mixed thoroughly. After 30 minutes blue colour
developed which was measured at 600 nm. Six replicates
of each experiment were made. Standard curve was
prepared with different concentration of Bovin Serum
Albumen (BSA).

Statistical Analysis: To test significance of data, analysis
of variance [19] was performed. The regression and
correlation coefficient of data was also determined for
interrelationship [20].

RESULTS

Protein Content in the Silk Gland: Variation in the
strength of magnetic field from 1000 to 4000 Gauss caused
considerable change to the total protein content in the silk

in the silk gland was increased with increase in the
strength of magnetic field from 1000 to 3000 Gauss but in
4000 Gauss magnetic field, protein content was decreased.
The maximum level of total protein content in the silk
gland of B. mori was recorded (27.342±0.732 µg/mg) in
case of 3000 Gauss magnetic exposure of larvae, while
minimum  level  of  protein  content (23.273±0.452µg/mg)
in silk gland was recorded for control study. The two way
ANOVA shows that variation in the strength of magnetic
field significantly (P<0.01) influenced to the total protein
content in the silk gland of fifth instar larvae of B. mori.
The  regression  in  between  independent  variable  [X]
i.e. magnetic power and dependent variable [Y] i.e. total
protein content in the silk gland shows positive
correlation  i.e. Y =24.992+0.000275X and r =0.297471 1

(Table 2).

Protein Content  in  the  Fat Body of Larvae: Total
protein content in the fat body of fifth instar larvae was
changed  due  to  the  variation in the magnetic field
(Table 1). The level of total protein content was increased
with increase in the strength of magnetic field and it was
maximum (20.246±0.632µg/mg) in 3000 Gauss magnetic
field. The level of total protein content in fat body of fifth
instar larvae was minimum (14.652±0.543 µg/mg) for
control study. Regression in between independent
variable [X] i.e. strength of magnetic power and
dependent  variable  [Y]   i.e.   total   protein  content in
the fat body of fifth instar larvae shows positive
correlation i.e. Y =16.9072+0.0005469X and r =0.41041552 2

(Table 2).

Protein  Content  in  the Haemolymph of Larvae: The
total protein content in the haemolymph of fifth instar
larvae was influenced due to the variation in the strength
of magnetic  field for exposure of fifth instar B. mori
larvae (Table 1). The total protein content was increased
slowly from control to 2000 Gauss but in the 3000 Gauss
the level of total protein content was maximum
(16.246±0.743 µg/mg). In 4000 Gauss magnetic field, the
total protein content was decreased from the 3000 Gauss.
The  minimum  level  (12.217±0.451  µg/mg)  of total
protein content was recorded for control study.
Regression in between independent variable [X] i.e
magnetic power and dependent variable [Y] i.e. total
protein content in the haemolymph fifth instar larvae
shows positive correlation i.e. Y =14.751+0.0001762X and3

r =0.248098 (Table 2).3
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Table 1: Effect of magnetic field on the protein content (µg/mg) of tissues in the silk gland, fat body and haemolymph of fifth instar larvae of Bombyx mori

                 Magnetic power (Gauss)

--------------------------------------------------------------------------------------------------------------------------

Parameters Control 1000 2000 3000 4000 F - ratio n =41 1

Silk gland 23.273±0.452 24.642±0.712 25.718±0.649 27.342±0.732 25.018±0.642 16.54*

Fat body 14.652±0.543 16.246±0.342 18.965±0.227 20.246±0.632 17.642±0.628

Haemolymph 12.217±0.451 14.246±0.527 15.642±0.826 16.246±0.743 14.632±0.372

F -ratio=11.43* n =2 *P <0.01 *P <0.012 2 1 2

Each value represents mean ± SE of six replicates

Table 2: Effect of magnetic field on protein content in the silk gland, fat body and haemolymph of Bombyx mori

Parameters Regression equation Correlation coefficient(r)

Silk gland Y =24.992+0.000275X r =0.297471 1

Fat body Y =16.9072+0.0005469X r =0.41041552 2

Haemolymph Y =14.751+0.0001762X r =0.2480983 3

DISCUSSION bee larvae [33]. In pupal stage of grain moth, Sitotroga

The total protein content in the silk gland of fifth haemolymph and sequenced by the fat body [34, 35] and
instar B. mori larvae shows increasing trend due to magnetization of eggs influenced to the amino acids
increase in the strength of magnetic field for content in the fat body of B. mori [15].
magnetization of first instar larvae from 1000 Gauss to In the haemolymph of fifth instar larvae of B. mori the
3000 Gauss whereas, in 4000 Gauss magnetic field, the level of total protein content is influenced due to the
total protein content in the silk gland is decreased. The variation of the magnetic field and it is maximum in 3000
most rapid protein metabolism was earlier reported in the Gauss magnetic field. A decreased protein level in the
silk glands of silkworm [21]. Thirty per cent of the silk haemolymph is recorded in Rhodnius prolixus at high
protein was derived from the free amino acids and protein temperature regime [36] and the level of protein content in
of the haemolymph while the rest was synthesized by the the haemolymph at the end of the last instar was
salivary gland during the spinning process [22]. The attributed to the increase in protein biosynthetic rate in
starvation  caused  inhibition  of   protein   synthesis  in the fat body of Galleria mellonella [37]. The variation of
B. mori [23] whereas, silk glands start synthesis of silk protein and related component in the haemolymph during
protein at 10 days of embryonic life which continue till the insect development is directly related to spinning process
beginning of the spinning [23]. The exposure of biological [38, 39] and the synthesis of protein and kinetics of
system to different magnetic field is known to induce the certain enzyme are known to associate with the synthesis
biochemical changes [24], with an increase in the protein and degradation of amino acids and protein [40]. The
metabolism and utilization of mulberry leaves [25], 2-3% in application of magnetic field caused increase in enzyme
forth and 97-98% in fifth instar larvae assimilated protein activities in the biological system [41] whereas,
was utilized in silk protein synthesis [26]. Magnetization magnetization of eggs influenced to the amino acids
of larvae in 3500 Gauss caused an increase in protein content in the haemolymph of B. mori [15].
content in the tissues [27] and magnetization of eggs How exactly magnetic field influences to biological
influenced to the amino acids content in the silk gland of system is not cleared and efforts are being made in the
B. mori [15]. direction but it may concluded on the basis of literatures

The total protein content in the fat body of fifth instar available that magnetization of larvae in the low magnetic
B. mori larvae is increased up to 3000 Gauss magnetic field may caused increase in metabolic activities due to
exposure of first instar larvae but in 4000 Gauss, the activation of some enzymes and cytochrome as a result
protein content was decreased. The fat body plays more and more food is consumed by larvae, resulting
important role in the synthesis of protein [28-30]. Some of increased cellular activity in the silk gland, fat body and
the protein in the fat body originally synthesizes their fat haemolymph thus, protein content in the tissues
body of fifth instar larvae of B. mori [31, 32] while, increased whereas, high strength of magnetic field caused
proteinous sphere were reported in the fat body of honey stress responses.

cerealella, four major proteins were lost from the
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