
Life Sciences International Research Journal Volume 5 Issue  1                                 ISSN 2347-8691 

 

 
Journal Published by IMRF Journals | Jan - June 2018 Edition                                                   |    52  
 

USE OF SPIRULINA FOR THE DETERMINATION  

OF SECRETORY ACTIVITY OF FAT BODY AND  

SILK GLAND ABILITY IN SILKWORM 
 

 

Neelam Kumari 
Research Scholar, Magadh University, Bodh Gaya, Bihar, India 

 
Abstract: The silkworm, Bombyx mori has remained an object of rigorous scientific study due its 
commercial importance. The current study is designed to find out the histological changes in the fat 
body, and silk gland of silkworm fed with treated Spirulina on mulberry MR2 leaves. Results revealed 
that distinctive histological changes in both fat body and silk gland of the V instars.The V instar fed with 
Spirulinaon mulberry leaves exhibited remarkable changes such as swollen nucleus, with more vacuoles 
in the fat body. While, the silk gland displayed shrunken nucleus, vacuole in the epithelium and reduced 
lumen. The alterations may be due to the deployment of secretory material from posterior silk gland to 
middle silk gland to enhance and to store more amount of secretory substances for spinning. From the 
results, it may be concluded that the MR2 leaf treated with Spirulina is comparatively superior to MR2 
leaf for sericulture industry to enhance the synthesis of more amount of secretory materials which 
influences the quantity and quality production of silk. 
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Introduction: Cyanobacteria (Blue-green algae) have been drawing the most attention as 
potentialsources of proteins and other natural nutrients (fatty acids, macro- and trace minerals). 
Amongst these algae, the filamentous cyanobacterium Spirulina seems to be a universal component of 
the phytoplankton growing in ocean and seawaters (Campanella, L et al, 1999).It is rich in protein (up to 
70% protein by dry weight), contains many is easily digestible essential amino acids. Due to large, it 
simplifies harvesting. The low content of cholesterol and lipids and the presence of minerals, vitamins, 
carbohydrates, essential fatty acids, sterols and phycocianins, which contribute to increase the protein 
and iron availability, have been also proven (Switzer, L. 1982, Henrikson, R. 1989, Richmond, A. 1988, 
Tang, G. and Suter, P.M., 2011). 
 
A lepidopteron insect, Silkworm (Bombyx mori) has anample economical concern due to its role for the 
production of silk protein. Fat bodies of silkworm larvae tissues are found in the abdominal region and 
aid as the precursor for metabolism compare to other tissues. They are ectodermal in origin and occur in 
groups of lobes below the integument around the digestive tract and reproductive organs. The process 
of histolysis in posterior silk gland cells of the silkworm during metamorphosis from larva to pupa have 
been studied by Matsumura et al (1968, Sehnal, F. and Akai, H., 1990).  
 
Materials and Methods: Silkworm V instar of widespread Indian bivoltine hybrid (CSR2 x CSR4) 
silkworm Bombyx moriwere obtained  from silkworm culture centre at Abdul Kalam Agriculture College 
in Kishanganj, Bihar(India), and were maintained in the Sericulture laboratory, Department of Zoology, 
Magadh University, Gaya(India) up to cocoon phase. The larvae were shifted to bamboo baskets of size 
26 cm diameter and 5cm height as described by Govindan et al, (1981). The bamboo hampers were 
shielded with paraffin paper and positioned in an iron stand with ant wells. The larvae were raisedall 
togetherin both control and experimental groups separately on mulberry leaves dipped in Spirulina 
solution in the laboratory. The V instar larvae placed at ambient temperature of 25+ 270 c and relative 
humidity of 70 to 80%. The larvae were reared in cardboard boxes measuring 22x15x5 cms covered with 
nylon net and placed in an iron stand with ant wells. The control and Spirulina treated MR2 mulberry 
(Morus alba) leaves were fed to silkworm, Bombyx mori. 
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Preparation of Spirulina Solution: Spirulina powder was purchased from Nature & Nurture 
Healthcare Private Limited, Asaf Ali Road, and New Delhiand to prepare the various experimental doses 
for 100ppm, 200ppm, and 300ppm concentration, respectively. 
 
Leaves Treated with Spirulina: Spirulina was dissolved in distilled water and diluted into 100ppm, 
200ppm and 300ppm concentrations, respectively. Fresh MR2 Mulberry leaves were soaking in these two 
concentrations for 15 minutes and then were dehydrated in open air for 10 minutes. The treated leaves 
were used for feeding (five feeding day) the 3rd, 4th and 5th instars larvae of silkworm, B.mori up to 
cocoon stage.  
 
Experimental Groups: The experimental larvae are divided into four groups.The 3rd, 4th and 5th 
instars were fed with the following treated MR2 mulberry leaves while GroupOne is control and fed with 
distilled water treated mulberry leaves. Group T2 larvae fed with 100ppm, group T3 larvae fed with 
200ppm and group T4 larvae fed with 300ppm Spirulina treated mulberry leaves respectively. 
  
Histological Study: Both Control and Spirulina treated V instar Bombyx mori larvae fat body and silk 
gland (anterior, middle, and posterior) were dissected in insect Ringer’s Solution (Ephurussi and Beadle, 
1936) and were fixed in Bouin’s solution in separated sterilized vials. After 24h of fixation, both fat body 
and silk gland tissues were treated for dehydration using ascending grades of ethyl alcohol. The tissues 
cleared in xylol and finally embedded in paraffin wax (58-62

0
c). Sections were cut at 7µ thickness. They 

were deparaffinised by using ascending grades of alcohol, stained with heamatoxylin, and counter 
stained with aqueous eosin for microscopicstudy and microphotographs were taken (Gurr, 1958). 
 
Results and Discussion: The photomicrograph of the control fat body of this V instar appeared to be 
dullwith white mass, with irregular shaped nucleus, presence of vacuoles and granular organizations. 
These changes specify that the fat body cells were in a resting state with less metabolic and secretory 
activity signifying the deployment of additional amounts of substances from this fat body into the silk 
gland for spinning purpose.  
 
The histological architecture of silk gland revealed three is distinct regions (anterior, middle, and 
posterior). The anterior silk gland of V instar larvae exhibited certain remarkable histological changes 
than the earlier stage for example, thin epithelial layer with shrunken nuclei and lesscytoplasmic 
inclusions and more vacuoles in the cytoplasm. It also indicating very less synthetic and secretary 
activity. The lumen contained more volumes of secretory substances, signifying its minimum utilization 
of these substances for the act of spinning. The middle silk gland of V in star larvae exhibiteddefinite 
histological architecture such as presence of a thick disorganized, withered and epithelial layer with less 
cytoplasmic inclusions, specifying less synthetic and secretory activity by these cells. The lumen 
contained globular and gelatinous colloidal secretory substances. Comparatively, the secretary 
substances in the middle silk gland of V instar larvae were more than the IV instar larvae, in this stage, 
the lumen was totally filled with secretory materials. The posterior silk gland was composed ofmore 
vacuoles, less packed epithelium with large and longitudinal nuclei with less packed chromatin 
materials. The secretory droplets were well evident in the cell as well as in the lumen of PSG in the V 
instar larvae fed with MR2 mulberry leaf. 
 
The Spirulina treated larvae showed extraordinary histological changes in both the fat body and silk 
gland. The major changes include as the presence of vacuoles in the cytoplasm and less granular 
substances, indicating the utilization of nutrient materials for the enrichment of synthetic and secretory 
activity of the silk gland. The shrunken nuclei in the fat body cells, indicating the less synthetic and 
secretory activity. The anterior silk gland of the V instars larvae of Bombyx morishowedpresence of an 
outer thick epithelial layer around the lumen. The epithelial layer was appearing to be thickened and the 
cells were very active due to the presence of swollen nuclei, indicating a higher synthetic and secretory 
activity. The lumen contained secretory materials, which were look like homogeneous and globular in 
nature. The middle silk gland of the V instar larvae displayed the presence of an outer thin and weak 
epithelium. Degeneration of epithelial cells and completely filled lumen with secretory substances in 
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middle silk gland (MSG), specifying its double role in both secretory and storage. The posterior silk 
gland (PSG) of larvaealso displayedthick outer epithelium with shrunken nuclei, designating the less 
synthetic and secretory activity. The lumen containedfewer amounts of secretory substances specifying 
that Spirulina seems to stimulate the secretory and synthetic activity of the silk gland.  
 
In the present study, it has been shown that fat body of larvae gone throughnoticeable histological 
changes during the period from V instar larvae before spinning. The granular materials identified in the 
cytoplasm of the cells of fat body with small and large sized cytoplasmic vacuoles seem to increase 
simultaneously from V instar and also the cytoplasm and nuclei stained very feebly subsequently from V 
instar larvae fed with MR2, and Spirulina treated mulberry leaves. Further, the granular substances 
appear to have condensed their concentration in the cytoplasm of fat body cells during the act of 
spinning. The volume of the nucleus is also found to have reduced significantly. It is evident from the 
present study that the synthetic and secretory activity of the fat body became reduced in accordance 
with the consumption of these nutrient substances for the act of spinning. Further, the secretary activity 
of silk glands have been found to have improvedconcurrently from V instar larvae when fed with MR2 
than Spirulina treated mulberry leaves in relation to the act of Spinning. 
 
The structure and secretary activity of the silk gland in the larvae of Bombyx mori fed with MR2 and 
Spirulina treated mulberry leaves have been systematicallyexamined.Distinction of silk glands into three 
region, anterior (ASG), middle (MSG) and posterior (PSG) as the sericin secretory and fibroin secretory 
regions, respectively has been noticed in Bombyx mori and other silkworm (Sehnal and Akai, 1990 and 
Barsagade and Tembhare, 2000 and and Centhilnayaki et al., 2004). The maximum growth of silk gland 
occurs in the last larval instars similar to that reported in other silk worms. Further, it has been revealed 
in the present study that the lumen contains more amounts of secretory substances in V instar of 
silkworm fed with Spirulina treated mulberry leaves than the silkworm fed with MR2 leaf. These changes 
may be credited due to an intense secretory activity in the epithelial cells of silk gland rather than MR2 
fed silkworms. Akai, (1984), Barsagade and Tembhare, (2000), Centhilnayaki et al., (2004), 
Balasundaram, (2008) and Prabhu (2012), Susithra, N., et el (2014) have also reported similar changes 
earlier.  
 
From the results, it may be concluded that the MR2 leaf treated with Spirulina is comparatively superior 
to MR2 leaf for sericulture industry to enhance the synthesis of more amount of secretory materials and 
influences the larval, quantity, and quality of silk.Hence, MR2 leaf treated with Spirulina must be 
suggested to the agronomists to get more qualitysilk yield. It is concluded that MR2 mulberry leaf 
treated with Spirulina is superior to control. 
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Fig. 1: Histology of fat body and Silk gland of Vth instar (Control) Larvae of Bombyx mori, L 
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Fig. 2: Histology of Fat Body and Silk gland of Vth Instar Larvae of Bombyx mori L,  
Treated with Spirulina 
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