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Abstract: The effect of eyestalk ablation on 
osmotic and ionic regulation, the total 
ase and Na+ / K+ATP-ase activity of the 
freshwater crab, Barytelphusa guerini
Milne Edwards) (Decapoda, Potamidea)
investigated in a period of 30 days. The 
survival rates of normal and eyestal
animals were 75% and 50% after 30 days of 
treatment, respectively. Bilateral eyestalk 
extirpation showed the increase in weight of 
the animal after 30 days. Hence, suggests 
the retention of water in tissues after 
eyestalk ablation. Eyestalk ablation resulted 
in a decrease in the haemolymph sodium 
concentration and an increase in the 
potassium and calcium concentration of the 
crabs. The osmolarity of haemolymph and 
total protein concentration of eyestalk 
ablated animal were demonstrated to be 
higher than those of the normal intac
animal. The bilaterally eyestalk ablated 
crabs had higher total ATP
K+ATP-ase activities in the gills than those 
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The effect of eyestalk ablation on 
osmotic and ionic regulation, the total ATP-

ase activity of the 
Barytelphusa guerini (H. 

(Decapoda, Potamidea) 
investigated in a period of 30 days. The 
survival rates of normal and eyestalk ablated 

0% after 30 days of 
treatment, respectively. Bilateral eyestalk 
extirpation showed the increase in weight of 
the animal after 30 days. Hence, suggests 
the retention of water in tissues after 
eyestalk ablation. Eyestalk ablation resulted 

e haemolymph sodium 
concentration and an increase in the 
potassium and calcium concentration of the 
crabs. The osmolarity of haemolymph and 
total protein concentration of eyestalk 
ablated animal were demonstrated to be 
higher than those of the normal intact 
animal. The bilaterally eyestalk ablated 
crabs had higher total ATP-ase and Na+ / 

ase activities in the gills than those  

 
of normal intact animals. It is concluded that 
the eyestalk ablation of crabs causes 
significant changes in the osmotic an
regulation and also affects the total ATP
and Na+ / K+ATP-ase activity of the gills.
Keywords: Osmoregulation, ATP
activity, EyestalkHormone, Freshw
Crab, Barytelphusa guerini
 
INTRODUCTION  
Osmoregulation can be understood in a 
better manner by studying the 
neuroendocrine control of ch
regulation (Venkatachari et 
working on Barytelphusa guerini
demonstrated that the eyestalk removal 
decreased blood chloride content, while it 
was recovered to normal level aft
extract injection. 
demonstrated that the disturbed ecdysial 
water metabolism of 
was due to absence of sinus gland
(Kamemoto et al.,
evidence for neuroendocrine regulation of 
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of normal intact animals. It is concluded that 
the eyestalk ablation of crabs causes 
significant changes in the osmotic and ionic 
regulation and also affects the total ATP-ase 

ase activity of the gills. 
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Osmoregulation can be understood in a 

manner by studying the 
neuroendocrine control of chloride 
regulation (Venkatachari et al., 1979) 

Barytelphusa guerini 
demonstrated that the eyestalk removal 
decreased blood chloride content, while it 
was recovered to normal level after eyestalk 
extract injection. Scudamore (1947) 
demonstrated that the disturbed ecdysial 
water metabolism of eyestalkless crayfish 
was due to absence of sinus gland 

, 1966) have given 
evidence for neuroendocrine regulation of  
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salt water homeostasis in Procambarus 
clarkii and Metapograpsus messor. 
Operation of eyestalk ablation in various 
crustaceans may result accumulation of 
water (Jackson et al., 1987), increase in 
respiratory rate (Rosas et al.,1991) and 
lowering of sodium concentration in 
haemolymph. (McNamara et al., 1990)  
The mechanisms of osmotic and ionic 
regulation have been demonstrated to be 
under neuroendocrine control (Kamemoto 
and Tullis, 1972; Kleinholtz, 1976; Mantel 
and farmer, 1989). Kamemoto and Tullis 
(1972) injected a cerebral ganglion extract 
derived from Metapograpsus rosenbergii, 
which resulted in an increase influx in the 
freshwater crayfish, Procambarus clarkii. 
The importance of the eyestalk ganglionic 
system in the regulation of water and ion 
movement has also been demonstrated in a 
variety of crustaceans (Heit and Fingerman, 
1975; Davis and Hagadorn, 1982).  
Moreover, Charmantier et al., (1984), 
reported that eyestalk neurohaemal factor 
may regulate haemolymph osmosis, sodium 
and chloride concentration in Homarus 
americanus. It was also concluded that 
eyestalk removal may initiate a lowering of 
haemolymph sodium (Heit and Fingerman, 
1975) due to increased sodium efflux and 
result in an increase of sodium permeability 
in crustaceans (Davis and Hagadorn, 1982). 
Bonga (1972) studied the neuroendocrine 
involvement in osmoregulation in the 
freshwater mollusc Lymnaea stagnalis and 
suggested that one type of cells activates 
water elimination, while the other type 
stimulates ion-uptake mechanism. 
The active transport of Na+ / K+ requires a 
specific carrier enzyme, Na+, K+ ATP-ase. 
(Towle et al., 1976). Na+, K+ ATP-ase, a 
ubiquitous component from cell membrane  
of animals (Towle, 1981) is a prime 
mediator of ion transport across cellular  
 

membranes (Neufeld et al., 1980) which 
may regulate ion balance at the organ or cell 
level for marine animals (Towle, 1981). 
Osmoregulation and Na+, K+ ATP-ase 
expression in osmoregulatory organs of 
Scylla paramamosain was studied by Kuei-
Fang Chung and Hui-Chen Lin (2006) and 
concluded that, the posterior gill play the 
most important role in osmoregulation in 
dilute sea water and the increase in Na+, K+ 
ATP-ase activity on the 7th day may be due 
to its gene transcription and / or mRNA 
translation. The effect of eyestalk ablation 
on oxygen consumption and ammonia 
excretion of Penaeus japonicus was studied 
and it was concluded that eyestalk ablation 
significantly affects nitrogen metabolism  
(Jiann-Chu Chen and Peng-Gek Chia, 1995). 
Bilateral eyestalk ablation led to decrease in 
haemolymph sodium concentration and 
increase in potassium and calcium 
concentration and also possess higher total 
ATP-ese and Na+, K+ ATP-ase activities in 
the gill of Penaeus manodon (Fan-Hua, Nan, 
et al., 1993) and Marsupenaeus japonicas 
(Nann et al., 2004). ATP reservoirs are 
reduced by increasing energy demand in 
response to physiologically stressful 
condition (Chen and Nan, 1992). Therefore, 
examination of ATP-ase activity could be an 
indicator for the physiological well being of 
an animal. 
A very little information is available 
regarding the neurondocrine mediation of 
haemolymph composition of freshwater 
crab. The present study therefore, attempts 
to examine the effects of eyestalk ablation 
on the haemolymph composition and Na+, 
K+ ATP-ase activity in the gills of the 
freshwater crab. As the freshwater Crab, 
Barytelphusa guerini is a good 
osmoregulator, neuroendocrine control of  
osmoregulation was already studied in this 
animal with special reference to chloride ion  
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regulation (Venkatachari et al., 1979).   
 
MATERIALS AND METHODS   
The collection and maintenance of the 
freshwater crab, Barytelphusa guerini was 
carried out and the following set of 
experiments was conducted. 
Collected specimens maintained in the 
laboratory for 24 to 48 hours before starting 
of the experiment. The animals were 
selected of intermoult stage have the same 
size. The animals were divided into two 
groups. Each group is of 50 animals. 
First group will serve as intact control. To 
observe the physiological effect of eyestalk 
ablation, the eyestalks of experimental crabs 
were ablated using iridectomy scissors under 
tap water. The crabs were fed with liver of 
goat. Wet weight of the live individuals in 
each experimental group were measured and 
recorded at 30 days period. 
At the end of the experiment (30 days after 
eyestalk ablation) only 10 animals of the 
same size were selected. The haemolymph 
were sampled and centrifuged at 15,000 rpm 
for 5 minutes and collected samples were 
then used for osmotic, ionic and total protein 
analysis. osmotic concentration was 
determined by the freezing point depression 
method as described by Salomao (1980). 
The ionic concentrations were determined 
by flame spectrophotometry and the total 
proteins were measured by Bradford (1976). 
The gills were excised at the end of  
 

experiment (at 30 days after eyestalk 
ablation from 10 animals), transferred to an 
ice bath and homogenized. Total ATP-ase 
and Na+, K+ ATP-ase activities were 
determined following the method described 
by Tucker (1979).  The amount of inorganic 
phosphate (Pi) liberated in the reaction of 
ATP --> ADP + Pi was expressed as m mol 
pi mg-1 protein hr-1 (Bartlett, 1958).  The 
protein content of the homogenate was 
determined by (Lowry et al., 1951) The 
detection limit for the total ATP-ase and 
Na+, K+ ATP-ase was 0.02. 
All data were subjected to statistical analysis 
keeping the level of significance p < 0.05 
(Seetharaman, 1958).  
 
RESULTS   
The results obtained in the present study 
showed that the eyestalk ablated crabs had 
higher mean body weight than the normal 
intact animals at the end of 30 days. The 
mean wet weight of normal intact animals 
was 45.56 ± 7.2 g which raised upto 65.21 ± 
7.35 g after the 30 days of eyestalk removal 
the values obtained in the experimental 
animals were significantly higher (P < 0.05), 
when compared with normal intact animals. 
However, the survival of normal intact 
animals was higher than that of eyestalk 
ablated crabs. The survival value in normal 
intact animals was 75%, where-as in ablated 
animals it was 50% (Table 1). 
 

Table: 1. Mean (Standard deviation) weight gain and survival of eyestalk ablated and 
eyestalk intact freshwater crab Barytelphusa guerini reared for One month. 

S. No. Treatment Body Weight (gram) Weight Gain                 Survival (%) 

  Initial Final   

I Normal Intact 
Animals 

45.56 + 7.21 48.36 + 8.52 2.80 + 0.75 75 % 
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 Percentage Change -- -- + 6.66 -- 

 Students ‘ t ’ Test -- -- 0.7356 -- 

 Level of Significance -- -- P > 0.1 -- 

 Inference -- -- Insignificant -- 

II Eyestalk Ablated 
Animals 

47.32 + 6.25 65.21 + 7.35 18.10 + 2.35 50 % 

 Percentage Change -- -- + 36.30 -- 

 Students ‘ t ’ Test -- -- 3.389 -- 

 Level of Significance -- -- P < 0.05 -- 

 Inference -- -- Significant -- 

 
The results after one month of eyestalk 
ablation on osmolarity, ion concentrations  

 
and total protein in the haemolymph of 
Barytelphusa guerini are shown in Table 2.

 

Table: 2. Mean (Standard deviation) haemolymph contents of eyestalk ablation and 
eyestalk intact in freshwater crab Barytelphusa guerini reared for one month. 

S. No. Treatment Heamolymph Contents Protein 

  Osmolarity 
mosm / Kg 

Na + K + Ca2 +  

   mEq / l mEq / l mEq / l �g 

I Normal 
Intact 
Animals 

777.86 + 8.24 385.15 + 6.05 9.76 + 0.07 45.78 + 2.27 185.15 + 6.13 

II Eyestalk 
Ablated 
Animals 

888.56 + 
10.25 

335.25 + 8.25 13.12 + 0.08 60.25 + 3.25 245.35 + 7.25 

III Percentage 
Change 

+ 14.41 - 13.01 +44.40 33.30 30.01 

IV Students ‘ t ’ 
Test 

2.789 2.357 5.357 3.575 2.145 

V Level of 
Significance 

P < 0.05 P < 0.05 P < 0.05 P < 0.05 P < 0.05 

VI Inference Significant Significant Significant Significant Significant 
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The total Osmolarity in normal intact 
animals was 777.86 ± 8.24 mosm / kg., 
Potassium 9.76 ± 0.07, Calcium 45.78 ± 
2.27 and total Protein 185.12 ± 6.13 mg, 
which increased upto 888.57 ± 10.35 
(Osmolarity), 13.12 ± 0.08 (K+ mg / l), 
60.25 mEq / l (Ca2+) and 245.35 ± 7.25 mg 
(Protein).   
The values obtained after eyestalk ablation 
were significantly higher (P<0.05) than 
those of normal intact animals. In 
comparison, the haemolymph sodium 
concentration in normal intact animals was 
385.15 ± 6.05 (mEq / l), which decreased 
upto 335.25 ± 8.25 (mEq / l), which was 
significantly lower than that of the control 
animals. The analysis of variance suggested 
that eyestalk ablation significantly (P<0.05)  
affected the haemolymph composition in the 
experimental animals.  
Total ATP-ase activity in normal intact 
animals was 1.5 ± 0.25, which increased 
upto 2.0 ± 0.5 and Na+ / K+-ase activity was 
0.4 ± 0.1, which increased upto a 0.6 ± 0.15 
after 30 days of eyestalk ablation. The 
eyestalk ablated carbs showed significantly 
higher (P<0.05) ATP-ase activity and Na+ / 
K+-ase activity in the gills than those 
obtained from normal intact animals 
(Figure).     
Figure: Total ATP-ase activity and Na+, 
k+ -ATP-ase activity in the gill of normal 
intact (c) and eyestalk ablated (E) of crab 
after 30 days of eyestalk ablation 
 

 

 

 
 
DISCUSSION 
The present study demonstrated that 
bilateral eyestalk ablation led to accelerate 
the increase in weight of Barytelphusa 
guerini. It was observed that there was an 
increase in weight of eyestalkless crabs due 
to uptake of water. It is known that salt and 
water balance is controlled at least in part by 
hormones secreted in X-organ of eyestalk 
which is stored in sinus gland. Extirpating 
the source as well as storage site (i.e. 
eyestalk ablation) will affect the salt-water 
balance. There will be influx outflow of 
water of the body depending upon the 
medium in which the animals were placed. 
The results obtained in the present study 
supported by earlier workers. Scudamore 
(1947) demonstrated that the disturbed 
ecdysial water metabolism of eyestalkless 
crayfish was due to absence of sinus gland. 
Kamemoto et al., (1966) have given 
evidence of neuroendocrine regula-tion of 
salt water homeostasis in Procambarus 
clarkii and Metapograpsus messor.   
It was also reported that high mortality of 
crustacean may be caused by eyestalk 
ablation (Mauviot and Castell, 1976; 
Nakatani and Otsu, 1979; 1981; Trider et al., 
1979; Freeman et al., 1983).  Similarly, the 
present study further confirmed by the 
eyestalk ablated crabs revealed higher 
mortality than the normal intact ones. The 
high mortality of eyestalk ablated crabs may 
be caused by cannibalism of animals that are 
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confined in a limited environment with 
unsuitable stocking density or an incorrect 
rearing method and inferior food quality. 
Physiologically, the present study also 
showed that Barytelphusa guerini treated by 
eyestalk ablation had a significantly lower 
(P<0.05) sodium concentration than that of 
the normal intact ones. This result is similar 
to those obtained by McNamara et al., 
(1980) in a study with the freshwater prawn, 
Macrobrachium olfersii.  Ehrenfeld and 
Isaia, (1974) showed that the freshwater 
crayfish, Astacus leptodactylus diminished 
sodium influxes by 30% in eyestalk ablated 
animals, while effluxes remained 
unchanged.  These results may suggest that 
reduction of sodium concentration in the 
haemolymph of crabs by eyestalk ablation 
could be initiated by an increase of sodium 
efflux. Furthermore, Heit and Fingerman, 
(1975) demonstrated that a neuro factor 
existing in the eyestalk of fiddler crabs (Uca 
pugilator) may play a major role in the 
prevention of sodium loss in hyposmotic 
media by promoting active transport of 
sodium.  Venkatachari et. al., (1979), in 
Barytelphusa guerini demonstrated that the 
eyestalk removal decreased blood chloride 
content. The results obtained in the present 
study incorporated with the previous studies, 
therefore, suggest that eyestalk may play a 
major role in either regulating sodium 
uptake mechanism or increasing sodium 
permeability. 
The main organ involved in crustacean 
osmoregulation is gill (Mantel and Farmer, 
1983). The difference in diffusion distance 
implies that gaseous exchange takes place 
primarily in the anterior gills; whereas; the 
main function of the posterior gills in 
osmoregulation (Mantel and Farmer, 1983; 
pequeux, 1995).  
Na+ / K+ ATP-ase provides the primary 
driving force for ion transport. The activity 
of Na+ / K+ATP-ase reflects the 

osmoregulation of crustaceans (reviewed by  
Lucu and Towle,  2003). Because of its role 
in regulation of osmotic pressure of the 
haemolymph, Na+ / K+ATP-ase activity is 
higher in the posterior gills than in the 
anterior gills of Carcinus maenas (Siebers et 
al., 1982; Henry et al., 2002), Carcinus 
sapidus (Neufeld et al., 1980), Uca vocans 
and Uca lacteal (Lin et al., 2002). A 
discrepancy in activity of the enzyme among 
the anterior, posterior gills and other osmo 
regulatory organs would suggest the relative 
importance of each organ in osmo 
regulation. 
It was reported that the chloride cells of 
teleost gill contain a large amount of Na+ / 
K+ATP-ase (Sargent et al., 1980). The 
efflux of sodium ion out of the chloride cells 
requires energy which could be indirectly 
supplied by Na+ / K+ATP-ase.  The increase 
in activity of gill Na+ / K+ATP-ase is, 
therefore, always accompanied by an efflux 
of Na+. Heit and Fingerman, (1975) 
indicated that a hormone present in eyestalks 
may inhibit the loss of haemolymph Na+ in 
hyposmotic sea water.  
The results obtained in the present study 
demonstrated that following eyestalk 
ablation, the experimental crabs have a 
higher ATP-ase activity in the gills and 
lower haemolymph sodium ion than those of 
the normal intact animals. It is reasonable to 
assume that the intact crabs may secrete 
unknown substances to inhibit ATP-ase 
activity and prevent Na+ loss from 
haemolymph. On the other hand, ATP-ase 
activity in the eyestalkless crabs may initiate 
a removal of Na+ from the haemolymph. 
The physiological effects of neuroendocrine 
factor in the eyestalk of the crabs needs to 
be further investigated. 
 
Acknowledgments: The authors would like 
to thank The President, Ahmednagar Jilha 
Maratha Vidya Prasarak Samaj, 



International Journal of Global Science Research    ISSN: 2348-8344 (Online) 
       Vol.1, Issue 2, October 2014, pp. 111-119   
       Available Online at www.ijgsr.com  
      © Copyright 2014 | ijgsr.com | All Rights Reserved    

    

Under auspices of Environment & Social Welfare Society, India  117 

 

Ahmednagar (M.S. India) for providing the 
facilities during the tenure of present study. 
 
REFERENCES 
Venkatachari S.A.T. (1979) A Perfusion 
Fluid for Barytelphusa guerini, H. Milne 
Edwards, Curr. Sci. 48, 965-966. 
 
Scudamore H.H. (1947) The influence of 
sinus gland upon molting and associated 
changes in the crayfishes.  Physiol. Zool. 20, 
187-208. 
 
Kamemoto F.I., Kato K.N., and Tucker L.E., 
(1966) Neuro secretion and Salt and Water 
balance in the Annelida and Crustacea. Am. 
Zool. 6, 213-219. 
 
Jackson S.A., Bruce M.J., Chang E.S., and 
Clegg J.S. (1987) Effects of eyestalk 
ablation upon water relations in the 
American Lobster, Homarus americanus. J. 
Exp. Zool. 244, 389-393. 
 
Rosas C., Vanegas C., Akaraz G., and Diaz 
F.(1991) Effect of eyestalk ablation Oxygen 
Consumption of Callinectes Simillis 
exposed to salinity changes. Comp. 
Biochem. Physiol. 100 (A), 75-80. 
 
McNamara J.C., Salomao L.C., and Ribeiro 
E.A. (1990) The effect of eyestalk ablation 
on haemolymph osmotic and ionic 
concentrations during acute salinity 
exposure in the freshwater shrimp, 
Macrobrachium olfersii (Wiegmann). 
Hydrobiologia. 199, 193-199. 
 
Kamemoto F.I., and Tullis R.E. (1972) 
Hydromineral regulation in Decapod, 
Crustacea. Gen. & Comp. Endocrinol. 3, 
299-307. 
Kleinholz L.H., (1976) Crustacean 
Neurosecretory hormones and physiological 

specificity Life Sciences. Integra. Comp. 
Biol. 10 (2), 151-166. 
 
Mantel L.H., and Farmer L. (1983) Osmotic 
and Ionic regulation in the Biology of 
Crustacea Vol. 5, (Edited by Bliss D.E.) 
Academic Press, New York. pp. 54-161. 
 
Heit M., and Fingerman M. (1975) The Role 
of an Eyestalk Hormone in the Regulation of 
the Sodium Concentration of the Blood of 
the Fiddler crab, (Uca pugilator). Comp. 
Biochem. Physiol. 50(A), 277-280. 
 
Davis C.W., and Hagadorn I.R., (1982) 
Neuroendocrine Control of Sodium in the 
fiddler crab, (Uca pugilator). Am. J. Physiol. 
242, 505-513. 
 
Charmantier G., Charmantier-Daures M., 
and Aikens D.E. (1984) Neuroendocrine 
control of hydromineral regulation in the 
American lobster (Homarus americanus) I. 
Juveniles. Gen. & Comp. Endocrinol., 54, 8-
19. 
 
Sjoerd E. Wendelaar Bonga, (1972) 
Neuroendocrine Involvement in Osmo- 
regulation in a Freshwater Mollusc, 
Lymnaea stagnalis. Gen. &  Comp. 
Endocrinol. 3, 308-316. 
 
Towle D.W., Palmer G.E., and Harris J.L. 
(1976) Role of gill Na+, K+ dependent 
ATP-ase in acclimation of blue crab, 
Callinectas sapidus to low salinity. J. Exp. 
Zool. 196, 315-322. 
 
Towle D.W. (1981) Role of gill Na+, K+ 
ATP-ase in ionic regulation by marine and 
estuarine animals. Mar. Biol. Lett. 2, 107-
122. 
 
Neufield G.J., Holliday C.W., and Pritchard 
J.B. (1980) Salinity adaptation of gill Na+, 



International Journal of Global Science Research    ISSN: 2348-8344 (Online) 
       Vol.1, Issue 2, October 2014, pp. 111-119   
       Available Online at www.ijgsr.com  
      © Copyright 2014 | ijgsr.com | All Rights Reserved    

    

Under auspices of Environment & Social Welfare Society, India  118 

 

K+- ATP-ase in the rock crab, Cancer 
irroratus, response to DDT. Comp. 
Biochem. Physiol. 62 (C), 165-172. 
 
Kuei-Fang Chung and Hui-Chen. Lin. 
(1995) Osmoregulation and Na, K-ATP-ase 
expression in Osmoregulatory Organs of 
Scylea paramamosain. Comp. Biochem.  
Physiol. 144(A), 48-57. 
 
Jiann-Chu Chen and Peng-Gek Chia (1995) 
Effect of Unilateral Eyestalk Ablation on 
Oxygen Consumption and Ammonia 
Excretion of Juvenile, Penaeus japonicus 
Bate at Different Salinity levels. J. 
Crustacean Biol. 150, 434-441. 
 
Fan-Hua Nan, Shyn-Shin Sheem, PinG-
Chung Liu, and Shiu-Nan Chem., (1993) 
The effect of eyestalk ablation on Growth, 
Haemalympt Composition and Gill Na+, 
K+, ATP-ase activity of Penaeus Nonodon 
Juveniles. Comp. Biochem. Physiol. 106 A 
(4), 621-626. 
 
Nann F.H., Hong M.H., Lu C.L., and Sheen 
S.S. (2004) The effect of Unilateral and 
Bilateral eyestalk ablation on Haemolymph 
osmotic and ionic regulation and gill Na+, 
K+-ATP-ase Activity in Marsupenaeus 
japonicus (Bate 1888) (Decapoda, Natantia). 
Crustaceana. 77 (4), 385-395. 
 
Chen J.C., and Nan F.H. (1992) Effect of 
Ambient Ammonia on Ammonia - N 
excretion and ATP-ase activity of Penaeus 
Chinensis. Aquat. Toxicol. 54, 8-19. 
 
Salomao L.C. (1980) Determinacdo da 
Concentracao Osmotica de micro-amostars 
de fluidas atrares do Pont de Congelamento  
Bolm. Fisial. Animal. USP 4, 133-141. 
 
Braford M.M. (1976) A rapid and sensitive 
method for the quantitiation of microgram 

quantities of protein using the principle of 
protein dye binding. Analyt. Bio. Chem. 72, 
248-254. 
 
Tucker R.K. (1979) Effects of in Vitro 
Cadmium exposure on ATP-ase in gill of the 
lobster (Homarus americanus) Bull. Envir. 
Contami. Toxicol. 23, 33-35. 
 
Bartlett G.R. (1958) Phosphorus assay in 
Column Chromatograph. J. Biol. Chem. 234, 
466-468. 
 
Lowry O.H., Rosenbrough N.J., Far H.L., 
and Randall R.Y. (1951) Protein 
measurement with the Folin Phenol Reagent. 
J. Biol. Chem. 193, 265-275. 
 
Seetharaman V. (1958) A Text Book of 
Statistics. MC.Graw Hill Publications Delhi-
327 
 
Mauviot J.C., and Castell T.D. (1976) Molt 
and growth enhance effects of bilateral 
eyestalk ablation on juvenile and adult 
American Lobster (Homorus, americanus). 
J. Fish Res. Bd. Cana. 33, 1922-1929. 
 
Nakatani I., and Otsu T. (1979) The effects 
of eyestalk and uropod removal on the 
molting and growth of young Crayfish, 
Procambarus clarkia. Biol. Bull. 157, 182-
188. 
 
Nakatani I., and Otsu T. (1981) Relations 
between the growth and the molt interval in 
the eyestalkless crayfish Procambarus 
clarkia. Comp. Biochem. Physiol. 68(A), 
549-553. 
 
Trider D.J., Mason E.G., and Castell J.D. 
(1979) Survival and growth of American 
lobster (Homarus americanus) juvenile after 
eyestalk ablation. J. Fish. Res. Bd. Con. 36, 
93-97. 



International Journal of Global Science Research    ISSN: 2348-8344 (Online) 
       Vol.1, Issue 2, October 2014, pp. 111-119   
       Available Online at www.ijgsr.com  
      © Copyright 2014 | ijgsr.com | All Rights Reserved    

    

Under auspices of Environment & Social Welfare Society, India  119 

 

Freeman J.A., West T.L., and Costlow J.D. 
(1983) Post larval growth in Juvenile 
Rhithropanopeus harrisii. Biol. Bull. 165, 
409-415. 
 
Ehrenfeld J., and Isaia J., (1974) The effect 
of ligaturing the eyestalk on the water and 
ion permeabilities of Astacus leptodactylus. 
J. Comp. Physiol. 93, 105-115. 
 
Pequeux A. (1995) Osmotic regulation in 
Crustaceans. J. Crustc. Biol. 15, 1-60. 
 
Lucu C., and Towle D.W. (2003) Na+, K+-
ATP-ase in gills of aquatic crustacean. 
Comp. Biochem. Physiol. 135(A), 195-214. 
 
Siebers D., Leweck K., Markus H., and 
Winkler A. (1982) Sodium regulation in the 
shore crab, Carcinus maenas as related to 
ambient salinity. Mar. Biol. 69, 37-43. 
 
Henry R.P., Carrelts E.E., McCarty M.M., 
and Towle D.W. (2002) Differential 
Induction of Branchial Carbonic anhydrare 
and Na+, K+ ATPase activity in the 

euryhaline crab, Carcinus maemas in 
response to low salinily exposure. J. Exp. 
Biol. 292, 595-603. 
 
Lin H.C., Su Y.C. and Su S.H. (2002) A 
Comparative Study of Osmoregulation in 
four fiddler Crabs, (Ocypodidae, UCa). 
Zool. Sci. 19, 641-650. 
 
Sargent J.R. Thomson A.J., and Bohancin 
M. (1975) Activities and Localiza-tion of 
Succinic Dehydrogenase and Na+ / K+ 
activated Adenosine Triphosphotase in the 
Gills of freshwater and seawater eels 
(Anguilla anguila). Comp. Biochem. 
Physiol. 51(B), 75-79. 
 
Sargent J.R., Bell M.V. and Kelly K.F. 
(1980) The nature and properties of Sodium 
ion plus Potassium ion activated adenosine 
triphosphatase and its role in marine salt 
secreting epithelia. In: Lahlou B (ed). 
Epithelial Transport in the lower 
Vertebrates. Cambridge University Press, 
London: pp. 251-267. 

 


