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ABSTRACT   

From the findings of the present study, it was observed that the activity levels of enzymes viz. 
Na

+
/K

+
, Mg

2+
 and Ca

2+
 -ATPases were elevated significantly in the Silk gland, Muscle, Haemolymph 

and Fat body of silkworm larvae treated with Zinc, vitamin, Pyridoxine and hormone, 
Methoprene. The experimental worms were divided in to four groups and fed with mulberry 
leaves soaked in the selected compounds i.e. Zinc chloride, Pyridoxine, Methoprene and with 
Mixed dose (Zn+B6+H). The Control group of silkworm larvae was fed with normal mulberry 
leaves. Both Control and Experimental silkworm larvae were weighed daily and sacrificed on 
selected days viz. 1

st
, 3

rd
, 5

th
 and 7

th
 day. In case of Ca

2+
 -ATPases, the highest elevation was 

recorded in haemolymph followed by muscle, silk gland and fat body in all experimental groups 
on all selected days during the 5

th
 instar larval stage. Out of four groups of experimental 

silkworms, Mixed dose (Zn+B6+H) treated group exhibited more elevation when compared to 
Zinc, Pyridoxine and Methoprene treated groups.  
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INTRODUCTION 
The purine nucleoside adenosine, its nucleotides, 
Adenosine TriPhosphate (ATP), Adenosine 
DiPhosphate (ADP) and adenosine monophosphate 
(AMP) and the pyrimidine nucleotide, Uridine 
TriPhosphate (UTP) play critical role in the central 
and peripheral nervous system homeostasis and 
function as extracellar messengers to regulate cell 
function. They are intimately involved in all aspects 
of cell function acting as enzyme cofactors, sources 
of energy and building blocks for DNA. Thus, the 
factors regulating their availability in the 
extracellular space as chemical messengers have 
been an area of active research and considerable 
debate since the late 1970s (Bernard, 1996 and 
Worthington, 1972).   
 ATPases play an important role as energy 
transducers by coupling ATP hydrolysis with energy 
processes (Kodama, 1985). A number of 
neurotransmitters including ATP and their 
derivatives, released by the depolarization from 
neural preparations were well documented and the 
release of ATP from synaptosomes is at least partly 
calcium-dependent (Israel et al., 1976).   
 Once released, ATP can be hydrolyzed by a 
family of approximately 11 ectonucleotides that 

metabolize ATP, ADP, di-adenosine polyphosphates 
such as Ap4A, Ap5A, nicotinamide adenine 
dinucleotide and interact directly with p2 receptors 
(Zimmerman and Braun, 1999). Ecto-ATPases 
hydrolyze ATP to ADP and ectopyrases convert 
both ATP and ADP to AMP and ecto-5’-nucleotidase 
converts AMP to adenosine. The activities of 
ectopyrase and ecto-5’-nucleotidase can change 
with cellular dynamics (Clifford et al., 1997). The 
metabolic pathways linking ATP, ADP, AMP and 
adenosine and the potential for each of these 
purines to elicit distinct receptor-mediated effects 
on cell function form the basis of a complex, 
physiologically relevant purinergic cascade 
(Williams and Jarvis, 2000). 

ATPases have been classified based on the 
requirement of specific cations such as Na+/K+ -
ATPase, Mg2+ -ATPase and Ca2+ -ATPase. These 
enzymes are significantly involved in cerebral 
energy exchange, ion transport and synaptic fun 
ction.  
Na+/K+ -ATPase (sodium, potassium-adenosine 5’-
triphosphate):  It is an integral membrane bound 
enzyme that actively maintains Na+ and K+ ions and 
transport these ions against the respective cellular 
concentration gradient (Arundhati et al., 2003). 
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It uses energy derived from hydrolysis of ATP to 
pump Na+ out and K+ into the cell.  This enzyme is 
considered to participate indirectly in physiological 
functions such as cell proliferation, volume 
regulation, maintenance of the electrogenic 
potential required for the function of excitable 
tissues i.e., muscle and nerves and secondary 
active transport (Basavappa et al., 1998).  
  The enzyme contains two subunits, a large 
polypeptide often called α-subunit (MW=85,000 to 
120,000) which is responsible for catalysis and a 
small glycopeptides, the β-subunit (MW=42000 to 
60,000) with unknown function (Chong et al., 
1985). Ion transport by Na+, K+ -ATPase is thought 
to occur through a series of conformational 
changes that accompany the Na+ -dependent 
phosphorylation of α-subunit by ATP and the K+ -
dependent hydrolysis of the phosphoenzyme 
(Fortes and Lee, 1984). Na+/K+ -ATPase (the sodium 
pump) is a ubiquitous enzyme that consumes ATP 
to maintain an adequate neuronal transmembrane 
electrical potential necessary for brain function and 
to dissipate ionic transients (Brines et al., 1995). 
Phospholemman (PLM) is a necessary protein 
associated with Na+/K+ -ATPase (Crambert et al., 
2002). The abundance of PLM in selected areas of 
CNS has been suggested to be an activator of  
Na+/K+ -ATPase in the CNS (Bala, 2006). 
Mg2+ ATPase: 

Magnesium (Mg2+)-ATPase is a 
mitochondrial membrane-bound enzyme which is 
involved in the synthesis of energy from the 
hydrolysis of ATP.  It comprises of 5 non-identical 
subunits that are key components in oxidative 
phosphorylation (Christopher, 1979). 
Quantitatively it is the major ATPase, constituting 
40-65% of the total ATPase component of the cell, 
is richly present in the mitochondrial membrane 
and plasmamembrane (Vajreswari and Narayana 
reddy, 1992) and is shown to be involved in 
catalyzing the terminal step of oxidative 
phosphorylation (Penefsky, 1974). Mg2+ ATPase is 
sensitive to membrane fatty acid composition 
(Zimmerman and Daleke, 1993), which is related to 
the activity of intracellular calcium-stimulated fatty 
acid synthase, suggesting a possible synergistic 
relationship between Mg2+ ATPase and Ca2+ 
ATPase. It was hypothesized that Mg2+-ATPase 
would show a positive correlation with BMI and 
Ca2+ -ATPase activity. 

 

Ca2+ATPase: 
Calcium ATPase plays a pivotal role in 

maintaining a constant intramolecular calcium 
concentration (Ohashi et al., 1970). Ca2+ 
concentration in the nerve cell is a key factor in the 
control of neurotransmitter release. The arrival of 
action potentials at the nerve terminal elicits an 
increase in the Ca2+ concentration that triggers the 
neurotransmitter exocytosis. Removal of Ca2+ from 
the nerve terminal is then required to terminate 
the process of neurotransmitter release. Nerve 
terminals have different ion transport systems that 
contribute to the regulation of low intracellular 
free Ca2+ concentration. Control of intracellular free 
calcium concentration is crucial for the 
maintenance of normal cell function and is 
regulated through the operation of several 
mechanisms, including the ATP- driven calcium 
pump (Lynch and Cheung, 1979).  

Calcium ATPase is a form of P-ATPase that 
transfers calcium after a muscle has contracted. 
The Ca2+ATPase are of two types:  
1) Plasma Membrane Ca2+ -ATPase (PMCA) 
2) Sarcoplasmic Reticulam Ca2+ -ATPase (SERCA) 

Since ATPases are pivotal enzymes involved 
in energy release, ionic transport across the 
membranes and neurotransmitter release, any 
alterations in their activity would result in drastic 
changes in the above said functions. Taking this as 
a base, the present study was designed to explore 
the effect of selected nutrients on membrane 
bound ATPases (Na+/K+-ATPase, Ca2+-ATPase and 
Mg2+-ATPase) in the selected tissues of silk worm 
exposed to Zinc, Pyridoxine B6 and Methoprene. 
 
MATERIALS AND METHODS 
Test species : Silkworm, Bombyx mori (Disease-
free larvae from local grainages) 
Mulberry       :  M

5
 Variety 

 
 

Larval Instar  :  5
th

 Instar 
Test chemicals:  1. Zinc chloride (Fisher Inorganics 
& Aromatics Ltd,  
2. Pyrol / Pyridoxine hydrochloride (vitamin B6) (FI 
& AL)  
3. Methoprene Hormone (Seri-Agro market:  
Bangalore)        
Duration of treatment:   7 Days 
Dose Selected  
Zinc chloride :   2 µg/ml  
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Pyridoxine hydrochloride    :   2 µg/ml  
Methoprene Hormone         :   2 µg/ml 
Tissues Selected                    :   Silk Gland, 
Haemolymph, Fat body and Muscle 
Test species: 
The present investigation was carried out on the 
Pure Mysore x CSR2 hybrid variety of the silkworm, 
Bombyx mori. Since the experiments required 
continuous maintenance of the test species, 
silkworms were reared in the laboratory itself in 
accordance with the procedure (Krishnaswami, 
1978).  
Treatment of fifth instar larvae with Zinc, 
Pyridoxine and Methoprene: Required 
concentration (2 μg/ml) of Zinc chloride, Pyridoxine 
and Methoprene solutions were prepared in 
distilled water as shown below.  
Preparation of standard stock solutions: 
For the preparation of standard stock solution 1, 1g 
of zinc chloride was dissolved in 100ml of distilled 
water (1000 mg x 1000 μg /100 ml) which is 
equivalent to 10000 μg/ml. From this solution 1ml 
was taken and added to 99ml of distilled water 
(10000 μg /100 ml) which is equivalent to 100 
μg/ml, known as standard stock solution 2. The 
same procedure was followed in the case of 
Pyridoxine, Methoprene and Mixed dose also. 
For the preparation of 2 μg/ml concentration, 2ml 
of standard stock solution 2 was added to 98ml of 
distilled water. But in the preparation of Mixed 
dose, the above prepared standard stock solution 
2, each 2ml i.e. Zinc +Pyridoxine + Methoprene 
(2ml+2ml+2ml) was added to 94ml of distilled 
water. 100 ml of each of these concentrations were 
prepared as per the above table and 25-75 
mulberry leaves were soaked in these solutions, 
dried at room temperature till the wetness is 
removed & were used to feed four groups of 
experiment larvae of the 5th instar stage for 7 days. 
ATPase System: 
Adenosine triphosphates (ATPases) (E.C.3.6.1.3): 
The ATPases were estimated by the method of Tirri 
et al., (1973). 
i) Total ATPases: 1% homogenates of different 
regions of mice brain were prepared in 0.25M ice 
cold sucrose solution. The reaction mixture in a 
final volume of 2.6ml contained 0.5 ml of tris buffer 
(0.13M; PH 7.4), 0.4 ml of substrate ATP (4.0 μ 
moles), 0.5 ml of MgCl2 (0.05M), 0.5 ml of NaCl 
(0.05M),0.5 ml of KCl (0.05M),and 0.2 ml of 
homogenate. The contents were incubated at 37°C 
for 15 minutes and the reaction was terminated by 

adding 1.5 ml of 10% TCA. Sodium-potassium 
ATPases can be obtained by substrating the Mg2+-
ATPases from the total ATPases. 
ii) Mg2+ -ATPases: 1% homogenates of different 
regions of mice brain were prepared in 0.25M ice-
cold sucrose solution. The reaction mixture in a 
final volume of 1.6ml contained 0.5ml of tris buffer 
(0.13M; PH 7.4), 0.4 ml of substrate ATP (4.0 μ 
moles), 0.5 ml of MgCl2 (0.05M), 10 μ moles of 
ouabain and 0.2 ml of homogenate. The contents 
were incubated at 37°C for 15 minutes and the 
reaction was terminated by adding 1.5 ml of 10% 
TCA. Zero time controls were maintained by adding 
TCA prior to the addition of homogenate.  
iii) Ca2+ -ATPases:  Ca2+ -ATPase activity was 
determined by the method of Fritz and Hamrick 
(1966) as supported by Desaiah and Ho (1979). The 
reaction mixture contained 135 mM imidazole HCl 
buffer (PH-7.5), 5mM MgCl2, 0.05mM CaCl2, 4mM 
ATP and 30-40mg protein. The mixture was 
incubated at 37°C for 30 minutes and stopped by 
the addition of 0.1ml of 50% TCA. Mg2+-ATPase 
activity was measured in the presence of 0.5mM 
EDTA and the value was subtracted from ATPase 
activity was expressed as μ moles of Pi formed/mg 
protein/hour. 
STATISTICAL TREATMENT OF DATA: 
Values of the measured parameters were 
expressed as Mean ± SEM. Repeated Measures of 
ANOVA was used to test the significance of 
difference among four different groups followed by 
Dunnet’s Multiple Range Test (DMRT). Statistical 
analysis was performed by using Statistical 
Program of Social Sciences (SPSS) for windows 
(Version 19; SPSS Inc., Chicago, 1L, USA). The 
results were presented with the F-value and p-
value. In all cases F-value was found to be 
significant with p-value less than 0.01**. This 
indicates that the effects of factors are significant.  
 
RESULTS AND DISCUSSION   
The levels of various enzymes related to energy 
metabolism, viz., enzymes (Na+ /K+ -ATPase, Mg2+ -
ATPase and Ca2+ -ATPase were estimated in 
different tissues of silkworm in control and 
experimental groups of silkworms.  
Control silk worms: 

The enzyme activity levels of Na+/K+ and 
Mg2+ -ATPases in selected tissues of control silk 
worm was found to be highest in silk gland (Sg) 
followed by muscle (Mc), haemolymph (Hl) and fat 
body (Fb).  
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Contrary to this, Ca2+ -ATPases was highest in muscle followed by haemolymph, silk gland and fat body. 
 

Na+/K+ -ATPase: Sg    > Mc       > Hl      > Fb 

 (15.33)                                (13.12) (13.10) (9.11) 
Mg2+ -ATPase: Sg   > Mc       > Hl      > Fb 
 (7.16) (8.13) (6.11) (5.10) 
Ca2+ -ATPase: Mc    > Hl       > Sg     > Fb 

 (11.12) (10.65) (9.35) (5.42)    

 
When compared to the control silk worm, 

the Na+/K+, Mg2+ and Ca2+ -ATPases in Zinc 
treated silk worm larvae were elevated significantly 
in all selected tissues of V instar larvae of silk 

worm. The elevation was kept on increasing from 
1st day to 7th day in all tissues and maximum 
elevation was noticed on 7th day in the following 
order 

 
Na+/K+ -ATPase: Sg    > Mc       > Hl      > Fb 

 (17.72)                                (13.12) (13.10) (9.11) 
Mg2+ -ATPase: Sg   > Mc       > Hl      > Fb 
 (9.05) (8.13) (6.11) (5.10) 
Ca2+ -ATPase: Mc    > Hl       > Sg     > Fb 
 (13.22) (12.83) (10.37) (6.64)    

 
On observing the order of four tissues of 

silk worm, it was clear that elevation of Na+/K+ -
ATPase and Mg2+ was more in Silk gland (Sg) and 
less in fat body (Fb) whereas  Ca2+ -ATPase was 

recorded higher  in haemolymph (Hl) and lower in 
fat body (Fb) in Pyridoxine treated experimental 
group. 

 
Na+/K+ -ATPase: Sg    > Mc       > Hl      > Fb 

 (18.19)                                (15.23) (14.23) (10.31) 

Mg2+ -ATPase: Sg   > Mc       > Hl      > Fb 

 (9.07) (8.40) (7.21) (6.11) 

Ca2+ -ATPase: Hl     > Mc       > Sg     > Fb 

 (14.63) (14.34) (10.84) (7.42)    

 
When compared  Zinc and Pyridoxine 

treated silk worm larvae, the Na+/K+, Mg2+ and 
Ca2+ -ATPases in Methoprene treated silk worm 
larvae were increased in all selected tissues of V 

instar larvae of silk worm. The elevation progressed 
from 1st day to 7th day and maximum elevation 
was noticed on 7th day in the following order: 

 
Na+/K+ -ATPase: Sg    > Mc       > Hl      > Fb 

 (20.03)                                (16.70) (15.58) (11.53) 

Mg2+ -ATPase: Sg   > Mc       > Hl      > Fb 

 (9.26) (9.21) (8.22) (7.21) 

Ca2+ -ATPase: Hl     > Mc       > Sg     > Fb 

 (16.84) (15.57) (11.74) (8.54)    

 
From the above data, it was inferred that 

among the four tissues, the levels of Na+/K+, Mg2+ 
-ATPases was more in Silk gland (Sg) and less in fat 

body (Fb), whereas  Ca2+ -ATPases were recorded 
higher  in haemolymph (Hl) and lower in fat body 
(Fb) of silk worm tissues. 
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In case of mixed dose treated silkworms, all 
ATPases recorded a phenominal increase in all silk 
worms when compared to other experimental 
groups. The elevation was high in silk gland (Sg) 

followed by muscle (Mc), haemolymph (Hl) and fat 
body (Fb). In case of Ca2+ -ATPases, highest level of 
elevation was noticed as in haemolymph followed 
by muscle, silk gland and fay body. 

 
Na+/K+ -ATPase: Sg    > Mc       > Hl      > Fb 

 (23.35) (17.19) (16.14) (12.13) 
Mg2+ -ATPase: Sg   > Mc       > Hl      > Fb 
 (10.24) (9.28) (9.11) (8.12) 
Ca2+ -ATPase: Hl     > Mc       > Sg     > Fb 
 (19.82) (16.52) (12.03) (9.66)    

       
From the above results, it was observed 

that the activity levels of enzymes viz. Na+/K+ and 
Mg2+ -ATPases were elevated significantly in the 
silk gland, muscle, haemolymph and fat body of the 
silkworms in all experimental groups of silkworms. 
In case of Ca2+ -ATPases, the highest elevation was 
recorded in haemolymph followed by muscle, silk 

gland and fat body in all experimental groups on all 
selected days during the 5th instar larval stage. Out 
of four groups of experimental silkworms, Mixed 
dose (Zn+B6+H) treated group exhibited more 
elevation when compared to Zinc, Pyridoxine and 
Methoprene treated groups.  

 
Figure 1-4: Changes in the Na+-K+ -ATPase activity in selected tissues of Control and different 
Experimental groups of 5th instar silkworms  
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Fig. 1: Silk gland of instar silkworms  
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Fig. 2: Haemolymphinstar of instar 
silkworms  
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Fig. 3: Fat body of instar silkworms  
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Fig. 4: Muscles of instar silkworms   
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Figure 5-8: Changes in the Mg2+ -ATPase activity in selected tissues of Control and different Experimental 
groups of 5th instar silkworms  
 

  
 

  
 

Silk production, through spinning, basically 
depends on the larval protein metabolism which in 
turn needs more energy generating events along 
with efficient muscular activity. On these lines, the 
selection of enzymes involved in protein and 
energy metabolism as well as tissues like muscle 
and silk gland in the present study is justifiable. 
ATPase’s are known to be complex enzyme 
systems. Protein synthesis and storage mechanisms 
are energy consuming phenomena and the supply 
of ATP is considered to be an important factor for 
these processes. The role of cytochrome-c-oxidase 
(CCO) in energy generation, and its relation to 
oxidative metabolism versus hormone regulatory 
events in insect species have been extensively 
reviewed by several authors (Pant, 1980; Reddy et 
al., 1997). In the present study, Methoprene 
enhanced the total ATPase activity of the B.mori 
larval muscle and silk gland tissue, a finding which 
confirms reports from other authors. The reason 

may be increased enzyme mass or membrane 
related transport function, or it may be for the 
purpose of energy generation that contributes to 
the synthesis and secretion of silk protein. It is well 
established that animals possess the pathway of 
electron transfer, capable of conserving ATP 
through oxidative metabolism. Increased levels of 
ATPases in B.mori larval tissues under JHA stress 
reflects an increase in the oxidative metabolism 
ultimately leading to the generation of more ATP to 
meet energy demands of individual tissues. Thus, it 
may be envisaged that Methoprene, by the way of 
enhancing B.mori larval tissue ATPase activity, may 
contribute to the generation of more ATP 
necessary for the larva for its synthetic and 
developmental processes. 

Several research findings on vertebrate 
nervous system demonstrated the importance of 
ATPases in mediating a number of cellular 
functions.
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Fig. 5: Silk gland of instar silkworms  
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Fig. 6: Haemolymph of instar silkworms  
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Fig. 7: Fat body of instar silkworms  
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Table 1: Changes in Na+/K+ ATPase activity (µmoles of Pi formed/mg protein/h) in the Silk gland of 

Control and Experimental groups of  5th instar silkworms 

 

SELECTED 
DAYS OF 

5tH INSTAR  

 CONTROL E – I 
( Zn ) 

E – II 
( B6 ) 

E – III 
( H ) 

E – IV 
( Zn + B6+ H ) 

DAY – 1 MEAN 7.162 7.502 7.635 8.035 8.352 

PC - (4.75) (6.60 ) (12.20) (16.62) 

SD ± 0.03 ±0.01 ±0.01 ±0.02 ±0.01 

DAY – 3 MEAN 9.087 9.860 10.045 10.627 11.525 

PC - (8.51) (10.54) (16.95) (26.83) 

SD ±0.03 ±0.01 ±0.02 ±0.02 ±0.03 

DAY – 5 MEAN 11.042 11.658 11.90 12.30 13.392 

PC - (5.58) (7.77) (11.39) (21.28) 

SD ±0.03 ±0.02 ±0.01 ±0.01 ±0.01 

DAY – 7 MEAN 15.335 17.728 18.192 20.03 23.355 

PC - (15.6) (18.63) (30.62) (52.30) 

SD ±0.03 ±0.03 ±0.02 ±0.02 ±0.1 

 
 
Table 2: Changes in Na+/K+ ATPase activity (µmoles of Pi formed/mg protein/h) in the Haemolymph of 

Control and Experimental groups of 5th instar silkworms  

SELECTED 
DAYS OF 

5tHINSTAR 

 CONTROL E – I 
( Zn ) 

E – II 
( B6 ) 

E – III 
( H ) 

E – IV 
( Zn + B6+ H 

) 

DAY – 1 MEAN 4.115 6.500 6.60 7.305 8.130 

PC - (57.96) (60.40 ) (77.52) (97.57) 

SD ± 0.01 ±0.0 ±0.01 ±0.01 ±0.02 

DAY – 3 MEAN 8.125 9.010 9.301 10.015 10.295 

PC - (10.90) (14.47) (23.26) (26.71) 

SD ±0.02 ±0.01 ±0.01 ±0.01 ±0.04 

DAY – 5 MEAN 10.08 11.162 11.515 12.488 13.423 

PC - (10.73) (14.24) (23.90) (33.16) 

SD ±0.01 ±0.03 ±0.01 ±0.01 ±0.02 

DAY – 7 MEAN 11.030 13.128 14.230 15.588 16.140 

PC - (19.02) (29.01) (41.32) (46.33) 

SD ±0.01 ±0.02 ±0.01 ±0.01 ±0.02 

 
Values are Mean ± SEM of four observations each from tissues pooled from 4 silkworms 
Values in parentheses are percent change from control 
Values are significantly different from control at p < 0.01 
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Table 3: Changes in Na+/K+ ATPase activity (µmoles of Pi formed/mg protein/h) in the Fat body of 

Control and Experimental groups of  5th instar silkworms during  

SELECTED 
DAYS OF 

5tHINSTAR 

 CONTROL E – I 
( Zn ) 

E – II 
( B6 ) 

E – III 
( H ) 

E – IV 
( Zn + B6+ H ) 

DAY – 1 MEAN 2.138 3.395 4.113 5.218 6.123 

PC - (58.79) (92.38 ) (140.0) (186.4) 

SD ± 0.01 ±0.01 ±0.02 ±0.01 ±0.01 

DAY – 3 MEAN 4.215 5.045 6.250 7.130 8.033 

PC - (19.70) (48.28) (69.16) (90.58) 

SD ±0.02 ±0.01 ±0.02 ±0.01 ±0.01 

DAY – 5 MEAN 6.070 7.140 8.420 9.340 10.448 

PC - (17.63) (38.71) (53.87) (72.13) 

SD ±0.01 ±0.02 ±0.02 ±0.02 ±0.03 

DAY – 7 MEAN 7.028 9.110 10.313 11.535 12.138 

PC - (29.62) (46.74) (64.13) (72.71) 

SD ±0.01 ±0.01 ±0.01 ±0.01 ±0.02 

 
 
Table 4: Changes in Na+/K+ ATPase activity (µmoles of Pi formed/mg protein/h) in the Muscle of Control 
and Experimental groups of  5th instar silkworms  

 

Values are Mean ± SEM of four observations each from tissues pooled from 4 silkworms 
Values in parentheses are percent change from control 
Values are significantly different from control at p < 0.01 

 
For example, the membrane-bound 

ATPases are integral proteins responsible for the 
maintenance of the importance of ATPases in 
mediating a number of cellular functions ion 
homeostasis through active transport and control 
of delicate chemical gradient that is necessary for 
the optimal function of the central nervous system. 
Any alteration in the membrane lipid components 

of brain results in the inactivation of these 
membrane-bound enzymes (Barriviera and Hasson-
Voloch, 1996). Loss of activity of ATPases is known 
to be involved in the development of a number of 
disorders such as neurological diseases, 
hypertension, diabetes, coronary artery diseases, 
stroke, tumor etc (Dhanya et al., 2003). 

SELECTED 
DAYS OF 

5tHINSTAR 

 CONTROL E – I 
( Zn ) 

E – II 
( B6 ) 

E – III 
( H ) 

E – IV 
( Zn + B6+ H ) 

DAY – 1 MEAN 5.156 6.295 7.210 8.345 9.160 

PC - (27.91) (39.84 ) (61.85) (77.66) 

SD ± 0.01 ±0.01 ±0.01 ±0.01 ±0.01 

DAY – 3 MEAN 7.213 8.062 9.123 10.165 11.045 

PC - (11.77) (26.48) (40.93) (53.13) 

SD ±0.01 ±0.01 ±0.01 ±0.01 ±0.01 

DAY – 5 MEAN 9.090 10.175 11.560 12.358 13.583 

PC - (11.94) (27.17) (35.95) (49.43) 

SD ±0.01 ±0.01 ±0.02 ±0.01 ±0.02 

DAY – 7 MEAN 11.020 13.103 15.228 16.708 17.198 

PC - (18.90) (38.20) (51.62) (56.06) 

SD ±0.01 ±0.02 ±0.01 ±0.01 ±0.02 
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The cation transport across the neuronal 
membrane mediated by the ATPases plays a 
significant role in many biological functions such as 
electron transport chain, biological oxidation in the 
mitochondria, synaptic transmission, and 
antioxidant enzyme functions. Disturbances in the 
ionic equilibrium of the cells, as a result of 

inactivation of ATPases are believed to be the 
major factors in the pathogenesis of various 
neurological disorders (Vaillend et al., 2002). 
Mitochondrial dysfunction contributes to tissue 
degeneration and results in the etiology of the 
degenerative disease of aging (Papa and skulachev, 
1997). 

 
Table 5: Changes in Mg++ -ATPase activity (µmoles of Pi formed/mg protein/h) in the Silkgland of Control 

and Experimental groups of  5th instar silkworms 

SELECTED 
DAYS OF 

5tHINSTAR 

 CONTROL E – I 
( Zn ) 

E – II 
( B6 ) 

E – III 
( H ) 

E – IV 
( Zn + B6+ H ) 

DAY – 1 MEAN 3.208 3.315 3.410 3.695 4.070 

PC - (3.34) (6.30 ) (15.18) (26.87) 

SD ± 0.03 ±0.01 ±0.01 ±0.01 ±0.01 

DAY – 3 MEAN 4.070 4.133 4.175 4.380 5.428 

PC - (1.55) (2.58) (7.62) (33.37) 

SD ±0.02 ±0.01 ±0.02 ±0.02 ±0.01 

DAY – 5 MEAN 5.048 5.168 5.160 6.248 7.325 

PC - (2.38) (2.22) (23.77) (45.11) 

SD ±0.02 ±0.02 ±0.03 ±0.01 ±0.02 

DAY – 7 MEAN 7.168 9.058 9.078 9.268 9.288 

PC - (26.37) (27.58) (29.30) (29.58) 

SD ±0.04 ±0.04 ±0.01 ±0.01 ±0.1 

 
Table 6: Changes in Mg++ATPase activity (µmoles of Pi formed/mg protein/h) in the Haemolymph of 

Control and Experimental groups of 5th instar silkworms 

SELECTED 
DAYS OF 

5tHINSTAR 

 CONTROL E – I 
( Zn ) 

E – II 
( B6 ) 

E – III 
( H ) 

E – IV 
( Zn + B6+ H ) 

DAY – 1 MEAN 2.055 4.025 5.020 6.110 7.118 

PC - (95.86) (144.3 ) (197.3) (246.4) 

SD ± 0.02 ±0.01 ±0.01 ±0.02 ±0.02 

DAY – 3 MEAN 3.193 4.080 5.150 6.208 7.752 

PC - (27.78) (61.30) (94.43) (142.8) 

SD ±0.04 ±0.1 ±0.02 ±0.02 ±0.02 

DAY – 5 MEAN 4.085 5.155 6.110 7.168 8.308 

PC - (26.19) (49.57) (74.47) (103.4) 

SD ±0.01 ±0.01 ±0.01 ±0.02 ±0.01 

DAY – 7 MEAN 5.030 6.113 7.213 8.220 9.110 

PC - (21.53) (43.40) (63.42) (81.11) 

SD ±0.01 ±0.02 ±0.02 ±0.01 ±0.01 

 
Values are Mean ± SEM of four observations each from tissues pooled from 4 silkworms 
Values in parentheses are percent change from control 
Values are significantly different from control at p < 0.01 
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Table 7: Changes in Mg++ATPase activity (µmoles of Pi formed/mg protein/h) in the Fat body of Control 
and Experimental groups of  5th instar silkworms  

 

SELECTED 
DAYS OF 

5tHINSTAR 

 CONTROL E – I 
( Zn ) 

E – II 
( B6 ) 

E – III 
( H ) 

E – IV 
( Zn + B6+ H ) 

DAY – 1 MEAN 1.023 2.133 2.543 3.220 4.128 

PC - (108.5) (148.6 ) (214.8) (303.5) 

SD ± 0.01 ±0.01 ±0.01 ±0.01 ±0.01 

DAY – 3 MEAN 2.113 3.138 3.213 4.125 5.033 

PC - (48.51) (52.06) (95.22) (138.2) 

SD ±0.01 ±0.01 ±0.02 ±0.01 ±0.01 

DAY – 5 MEAN 3.070 4.168 4.233 5.328 6.323 

PC - (35.77) (37.88) (73.55) (106.0) 

SD ±0.0 ±0.01 ±0.01 ±0.02 ±0.02 

DAY – 7 MEAN 4.038 5.103 6.113 7.215 8.120 

PC - (26.37) (51.40) (78.68) (101.1) 

SD ±0.01 ±0.01 ±0.01 ±0.01 ±0.01 

 
Table 8: Changes in Mg++ATPase activity (µmoles of Pi formed/mg protein/h) in the Muscle of Control 
and Experimental groups of  5th instar silkworms 

  

SELECTED 
DAYS OF 

5tHINSTAR 

 CONTROL E – I 
( Zn ) 

E – II 
( B6 ) 

E – III 
( H ) 

E – IV 
( Zn + B6+ H ) 

DAY – 1 MEAN 4.063 5.215 5.423 6.095 7.065 

PC - (28.35) (33.47) (50.01) (73.52) 

SD ± 0.01 ±0.01 ±0.02 ±0.01 ±0.02 

DAY – 3 MEAN 5.118 6.070 6.320 7.078 8.015 

PC - (18.60) (23.50) (38.30) (56.60) 

SD ±0.01 ±0.01 ±0.02 ±0.01 ±0.01 

DAY – 5 MEAN 6.090 7.158 7.088 8.305 9.135 

PC - (17.54) (16.40) (36.37) (50.0) 

SD ±0.01 ±0.01 ±0.02 ±0.02 ±0.01 

DAY – 7 MEAN 7.015 8.135 8.403 9.218 10.24 

PC - (15.97) (19.80) (31.40) (45.97) 

SD ±0.01 ±0.01 ±0.01 ±0.02 ±0.01 

Values are Mean ± SEM of four observations each from tissues pooled from 4 silkworms 
Values in parentheses are percent change from control 
Values are significantly different from control at p < 0.01 
 

In addition to classical ion transporting, this 
membrane protein can also relay extracellular 
ouabain-binding signalling into the cell through 
regulation of protein tyrosine phosphorylation.The 
downstream signals through ouabain-triggered 
protein phosphorylation events include to activate 
the Mitogen-Activated Protein Kinase (MAPK) 
signal cascades, mitochondrial Reactive Oxygen 
Species (ROS) production, as well as activation of 

Phospholipase C (PLC) and inositol triphosphate 
(IP3) receptor (IP3R) in different intracellular 
compartments (Yuan et al., 2005). 

Protein-protein interactions play very 
important role in Na+-K+ pump-mediated signal 
transduction. For example, Na+-K+ pump interacts 
directly with Src, a non-receptor tyrosine kinase, to 
form a signalling receptor complex (Tian et al., 
2006). 
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Src kinase is inhibited by Na+-K+ pump, 
while, upon ouabain binding, Src kinase domain 
will be released and then activated. Based on this 
scenario, NaKtide, a peptide Src inhibitor derived 
from Na+-K+ pump, was developed as a functional 
ouabain antagonist (Li et al., 2009). Na+-K+ pump 
also interacts with ankyrin, IP3R, PI3K, PLC-gamma 
and cofilin (Lee et al., 2001). By regulating the 

sodium and potassium ion concentrations, this 
enzyme also participates in the control of plasma 
membrane and mitochondrial Na+/Ca2+ exchange, 
the endoplasmic reticulum and plasma membrane 
Ca-ATPase activity as well as Ca2+-channel activity. 
All these events control the cellular Ca2+ level and 
influence heart and vascular muscle contractility 
and neuronal excitability (Bernardi, 1999). 

 
Table 9: Changes in Ca++ATPase activity (µmoles of Pi formed/mg protein/h) in the Silkgland of Control 
and Experimental groups of 5th instar silkworms 

 

 
Table 10: Changes in Ca++ATPase activity (µmoles of Pi formed/mg protein/h) in the Haemolymph of 
Control and Experimental groups of 5th instar silkworms  

 

SELECTED 
DAYS OF 

5tHINSTAR 

 CONTROL E – I 
( Zn ) 

E – II 
( B6 ) 

E – III 
( H ) 

E – IV 
( Zn + B6+ H ) 

DAY – 1 MEAN 4.743 5.255 5.863 6.558 7.658 

PC - (10.80) (23.61) (38.27) (61.46) 

SD ± 0.02 ±0.01 ±0.01 ±0.02 ±0.02 

DAY – 3 MEAN 6.560 7.355 7.900 8.640 10.255 

PC - (12.12) (20.43) (31.71) (56.33) 

SD ±0.03 ±0.01 ±0.01 ±0.02 ±0.01 

DAY – 5 MEAN 8.483 9.725 11.285 12.458 14.675 

PC - (14.64) (33.03) (46.86) (73.05) 

SD ±0.02 ±0.01 ±0.01 ±0.01 ±0.01 

DAY – 7 MEAN 10.650 12.83 14.635 16.840 19.820 

PC - (20.47) (37.42) (58.12) (86.10) 

SD ±0.02 ±0.01 ±0.01 ±0.02 ±0.02 

Values are Mean ± SEM of four observations each from tissues pooled from 4 silkworms 
Values in parentheses are percent change from control 
Values are significantly different from control at p < 0.01 
 

SELECTED 
DAYS OF 

5tHINSTAR 

 CONTROL E – I 
( Zn ) 

E – II 
( B6 ) 

E – III 
( H ) 

E – IV 
( Zn + B6+ H ) 

DAY – 1 MEAN 3.033 4.148 4.573 5.345 6.435 

PC - (36.76) (50.77) (76.23) (112.2) 

SD ± 0.02 ±0.02 ±0.01 ±0.02 ±0.01 

DAY – 3 MEAN 5.253 6.343 6.758 7.460 7.943 

PC - (20.75) (28.65) (42.01) (51.21) 

SD ±0.02 ±0.02 ±0.02 ±0.1 ±0.02 

DAY – 5 MEAN 7.643 8.250 8.865 9.355 10.630 

PC - (7.94) (16.0) (22.40) (39.08) 

SD ±0.02 ±0.01 ±0.01 ±0.02 ±0.01 

DAY – 7 MEAN 9.358 10.375 10.840 11.748 12.035 

PC - (10.87) (15.84) (25.54) (28.61) 

SD ±0.02 ±0.02 ±0.03 ±0.01 ±0.02 
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Table 11: Changes in Ca++ATPase activity (µmoles of Pi formed/mg protein/h) in the Fat body of Control 
and Experimental groups of 5th instar silkworms  
 

SELECTED DAYS OF 
5tHINSTAR 

 CONTROL E – I 
( Zn ) 

E – II 
( B6 ) 

E – III 
( H ) 

E – IV 
( Zn + B6+ H ) 

DAY – 1 MEAN 2.368 3.455 4.758 5.523 5.910 

PC - (45.90) (100.9) (133.2) (150.0) 

SD ± 0.01 ±0.01 ±0.01 ±0.02 ±0.01 

DAY – 3 MEAN 3.260 4.560 4.858 5.953 6.840 

PC - (39.88) (49.02) (82.61) (109.8) 

SD ±0.02 ±0.01 ±0.02 ±0.03 ±0.03 

DAY – 5 MEAN 4.328 5.758 6.275 7.350 7.968 

PC - (33.04) (45.0) (69.82) (84.10) 

SD ±0.01 ±0.02 ±0.01 ±0.03 ±0.01 

DAY – 7 MEAN 5.425 6.643 7.428 8.545 9.668 

PC - (22.45) (36.92) (57.51) (78.21) 

SD ±0.01 ±0.02 ±0.01 ±0.02 ±0.01 

 
Table 12: Changes in Ca++ATPase activity (µmoles of Pi formed/mg protein/h) in the Muscle of Control 
and Experimental groups of  5th instar silkworms  

 

SELECTED 
DAYS OF 

5tHINSTAR 

 CONTROL E – I 
( Zn ) 

E – II 
( B6 ) 

E – III 
( H ) 

E – IV 
( Zn + B6+ H ) 

DAY – 1 MEAN 5.253 5.643 6.128 6.743 7.050 

PC - (7.42) (16.66) (28.36) (34.21) 

SD ± 0.02 ±0.02 ±0.02 ±0.03 ±0.02 

DAY – 3 MEAN 6.345 6.840 7.150 7.693 8.140 

PC - (7.80) (12.70) (21.25) (28.30) 

SD ±0.01 ±0.03 ±0.03 ±0.02 ±0.03 

DAY – 5 MEAN 8.250 8.563 9.340 9.830 10.435 

PC - (3.80) (13.21) (19.15) (26.48) 

SD ±0.03 ±0.01 ±0.02 ±0.01 ±0.01 

DAY – 7 MEAN 11.128 13.223 14.343 15.573 16.528 

PC - (18.83) (28.90) (39.94) (48.53) 

SD ±0.03 ±0.01 ±0.02 ±0.01 ±0.01 

Values are Mean ± SEM of four observations each from tissues pooled from 4 silkworms 
Values in parentheses are percent change from control 
Values are significantly different from control at p < 0.01 
 

With regard to pharmacological aspects, 
this enzyme is also known as ouabain-sensitive 
Na+/K+-ATPase, because this enzyme is considered 
to act as the ouabain (cardiac glycoside) receptor. 
Ouabain binds to the extracellular face of the 
portion of α subunit of the enzyme and inhibits its 
transport and enzymatic activity (Jortani and 
Valders, 1997). Malfunction of this enzyme has 
been associated with neuronal hyper-excitability, 

cellular depolarization and swelling (Lees, 1991). In 
numerous tissues, the activities of Na+/K+-ATPase 
may be influenced by different endogenous 
modulators (Balzan et al., 2000). This enzyme may 
be under the influence of various exogenous 
factors including certain divalent metals and 
organic compounds of toxicological interest (Vasic 
et al., 2000) as well as some drugs. 
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The energy needed for the active transport 
of these ions is provided by the hydrolysis of ATP. 
In brain, ~ 40% of the energy released by 
mitochondrial respiration is utilized by ATPases to 
maintain the ionic gradients across the cell 
membranes compared with 5% in other tissues 
(Rani and Panneerselvam, 2001). This indicates that 
normal maintenance of membrane-bound enzymes 
in brain requires a high energy supply. 
Mitochondria represent potential hot spots for free 
radical-induced damage and the resultant 
mitochondrial dysfunction leads to a decline in the 
efficiency of ATP synthesis (Nichol, 2002). Studies 
of mitochondria isolated from brains of rodents of 
different ages have provided evidence that the 
ability of mitochondria to generate ATP is 
compromised with advancing age and those 
mitochondria from old brain cells exhibit increased 
free radical-mediated damage (Toescu et al., 2000). 
All these observations lend strong support to the 
research findings in the present study. 
        In the current studies, it was observed that 
Methoprene enhanced total ATPase activity of the 
B. mori larval muscle and silk gland tissue, a finding 
which confirms reports from other authors. The 
results from our studies shows that JHA compound 
Methoprene at the dose of 2.0 μg stimulated 
proteolysis, transamination and energy metabolism 
of the Bombyx mori larval tissues and these in turn 
may contribute to energy generation events in the 
JHA treated B. mori larvae. These findings 
contribute, in part to the better understanding of 
the mode of action of Methoprene on the silkworm 
Bombyx mori. 

The high Na+ and low K+ concentrations 
in mammalian blood are maintained by Na+/K+-
ATPase. In contrast, the K+ concentration is higher 
than the Na+ concentration in the haemolymph of 
the silkworm Bombyx mori, a Lepidopterous insect. 
The optimal temperature of silkworm Na+/K+-
ATPase activity was lower than that of dog Na+/K+-
ATPase. The optimal Mg2+ concentration, pH and 
sensitivities to Ca2+ and ouabain, a specific inhibitor 
of Na+/K+-ATPase, of the two ATPases were 
identical. These results indicate that the enzymatic 
properties of the silkworm Na+/K+-ATPase are 
suitable for its growth, despite the differences 
between a mammal and silkworm Na+/K+-ATPases. 
Further, the antisera raised against vertebrate 
Na+/K+-ATPase were recognized only the α-subunit 
of silkworm Na+/K+-ATPase. Ca2+-ATPase regulates 
Ca2+ pump activity and intracellular calcium 

functions as a second messenger in control of 
cellular processes that play central role in 
mediating neurosecretion and release (Pelletier et 
al., 1999). Inhibition of Ca2+ ATPase activity can in 
turn increase intracellular concentration of Ca2+ 
and alter the signal transduction pathways and 
cellular fluidity and eventually results in cell death 
(Aubier and Viires, 1998). Ca2+ ATPase is an 
important pump that extrudes calcium out of cells 
and its normal function requires adequate ATP 
(Carafoli, 1987). Hydrolysis of ATP by Ca2+-ATPase 
involves a series of reactions resulting in the 
formation of phosphorylated intermediates 
(Garraham and Rega, 1978).  
       The plasma membrane Ca2+ ATPase (PMCA) is 
a transport protein in the plasma membrane of 
cells that serves to remove calcium (Ca2+) from the 
cell. It is vital for regulating the amount of Ca2+ 
within cells (Jensen et al., 2004). In fact, the PMCA 
is involved in removing Ca2+ from all eukaryotic 
cells (Strehler and Zacharias, 2001). The PMCA and 
the sodium calcium exchanger (NCX) are together 
the main regulators of intracellular Ca2+ 
concentrations. Since it transports Ca2+ into the 
extracellular space, the PMCA is also an important 
regulator of the calcium concentration in the 
extracellular space (Talarico et al., 2005).  The 
PMCA belongs to a family of P-type primary ion 
transport ATPases that form an aspartyl phosphate 
intermediate and is expressed in a variety of 
tissues, including the brain (Jensen et al., 2006). 
Sarcoplasmic reticulum Ca2+ ATPase (SERCA) 
resides in the sarcoplasmic reticulum (SR) within 
muscle cells. It is a Ca2+ ATPase that transfers Ca2+ 
from the cytosol of the cell to the lumen of the SR 
at the expense of ATP hydrolysis during muscle 
relaxation. 
 The posterior silk gland of the silkworm is a 
tubular epithelium which is large and differentiated 
for the synthesis of the silk protein fibroin, and it 
secretes a protein rich fluid into the glandular 
lumen.  These large cells have a radial micro 
tubular system and a circular microtubule – 
microfilament system.  These systems are 
concerned with the intracellular transport and 
secretion of fibroin. Many investigators reported 
that a suitable dose of juvenile hormone 
(Methoprene) stimulated the RNA and fibroin 
synthesis of the posterior Silkgland cells and 
brought about an increase in weight of the cocoon 
shell, due to an enhancement of fibroin secretion 
into the lumen (Mamatha et al., 2008).   
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The present study demonstrates the 
changes that occur in the enzymes connected with 
enzyme metabolism and membrane transport 
functions, viz, Na+/K+, Mg2+ and Ca2+ -ATPases in 
different tissues of silk worm control and 
experimental groups of V instar larvae of silk worm. 
The results clearly indicate that oral administration 
of Zinc, exerted an elevation in the levels of Na+/K+, 
Mg2+ and Ca2+-ATPases activity indicating that Zinc 
has potential effect on maintaining ion gradients 
across biological membranes by stabilizing the 
membrane and there by retaining the structural 
and functional integrity of the membrane.  

From the results of the present study, it 
was obvious that oral administration of Pyridoxine, 
significantly elevated the levels of Na+/K+, Mg2+ and 
Ca2+-ATPases activity indicating that Pyridoxine has 
potential effect on maintaining ion gradients across 
biological membranes by energy-promoting action 
may be responsible for the improved mitochondrial 
function and maintenance of ATPases.  

The findings of the present study, 
established the changes that occur in the enzymes 
connected with enzyme metabolism and 
membrane transport functions, viz, Na+/K+, Mg2+ 
and Ca2+ -ATPases in various tissues of silk worm V 
instar larvae. Oral administration of Methoprene, 
exhibited a significant elevation the levels of 
Na+/K+, Mg2+ and Ca2+-ATPases activity. This 
indicates that Methoprene has a prospective effect 
on maintaining ion gradients across biological 
membranes by stabilizing the membrane and 
retaining both the structural and functional 
integrity of the membrane. The results clearly 
indicate that oral administration of Mixed dose, 
noticeably elevated the levels of Na+/K+, Mg2+ and 
Ca2+-ATPases activity. This indicates the potential of 
Mixed dose on maintaining ion gradients across 
biological membranes by energy-promoting action 
that may lead to the improved mitochondrial 
function and maintenance of ATPases.  

Administration of the selected 
experimental compounds i.e. Zinc, Pyridoxine, 
Methoprene and the Mixed dose (Zn+B6+H) 
increased the activities of Na+/K+-ATPase, Ca2+-
ATPase, and Mg2+-ATPase and maintained the 
concentrations of sodium, potassium, calcium, and 
magnesium ions in the silk worm tissues. It has also 
been shown that they could have favoured the 
efficiency of ATP production (Sumathi et al., 2002). 
This energy-promoting action may be responsible 
for the improved mitochondrial function and 

maintenance of ATPases in the present study, upon 
administration of the selected materials. 
Maintenance of these ionic pumps helped in the 
maintenance of associated ionic homeostasis.  

Na+/K+-ATPase is an integral membrane 
bound enzyme that actively maintains Na+ and K+ 

ions and transport these ions against the respective 
cellular concentration gradient (Arundhati et al., 
2003). It uses energy derived from hydrolysis of 
ATP to pump Na+ out and K+ into the cell.  This 
enzyme is considered to participate indirectly in 
physiological functions such as cell proliferation, 
volume regulation, maintenance of the 
electrogenic potential required for the function of 
excitable tissues i.e., muscle and nerves and 
secondary active transport (Basavappa et al., 
1998).  

Magnesium (Mg2+)-ATPase is a 
mitochondrial membrane-bound enzyme which is 
involved in the synthesis of energy from the 
hydrolysis of ATP.  It comprises of 5 non-identical 
subunits that are key components in oxidative 
phosphorylation (Christopher, 1979). 
Quantitatively it is the major ATPase, constituting 
40-65% of the total ATPase component of the cell, 
is richly present in the mitochondrial membrane 
and plasma membrane (Vajreswari and Narayana 
reddy, 1992) and is shown to be involved in 
catalysing the terminal step of oxidative 
phosphorylation (Penefsky, 1974). 

Ca2+-ATPase regulates Ca2+ pump activity 
and intracellular calcium functions as a second 
messenger in the control of cellular processes that 
plays a central role in mediating neurosecretion 
and release (Pelletier et al., 1999). Inhibition of Ca2+ 
ATPase activity can inturn increase intracellular 
concentration of Ca2+ and alter the signal 
transduction pathways and cellular fluidity and 
eventually results in cell death (Aubier and Viires, 
1998). 

From the results of the present study, it is 
concluded that all the selected experimental 
groups i.e. Zinc, Pyridoxine, Methoprene and the 
Mixed dose elevated the Na+/K+, Mg2+ and Ca2+ -
ATPase activities in selected silk worm tissues. 
These ATPases have potential effect on maintaining 
ion gradients across biological membranes and 
thus confer significant protection to the Nervous 
system by stabilizing the membrane and there by 
retaining the structural and functional integrity of 
the membrane. 
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