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Abstract 

Considering the metabolic shifts in freshwater bivalve molluscs, during changes in the environmental 

parameters, we report here the effect of ganglionic extract and commercial hormones injections induced 

changes in glycogen content from mantle, hepatopancreas, gonad and foot of freshwater bivalve mollusc, 

Indonaia caeruleus (Prashad, 1918) from Godavari river. During monsoon season, the adult bivalve 

mollusc, Indonaia caeruleus (50-55 mm shell length) were subjected to the five respective experimental 

groups are as follows- 1) injection of commercial hormone progesterone 2) injection of ganglionic extract 3) 

injection of sham operation 4) injection of estradiol and 5) control (normal) for 10 days. The glycogen 

estimation in bivalves from all four groups (including control) was measured on 3rd, 6th, and 9th day. 

 The study revealed that, the glycogen content was significantly increased from foot in progesterone 

injected group and decreased significantly from mantle as well as hepatopancreas in estradiol injected group 

on 3rd day. The content of glycogen showed significant decrease from gonad and foot in all experimental 

groups compared to control on 6th day. Whereas on 9th day the glycogen content increased significantly from 

mantle, hepatopancreas and foot in estradiol and ganglionic extract injected groups.  

 

Keywords: - Cerebral ganglionic extract, Progesterone, Estradiol, Glycogen estimation,                         

Freshwater bivalve. 

 

Introduction 

The mussels are ecologically important because of their widespread distribution and biological filtration 

activity ( K. Lewandowski, A. Stanczykowska, 1975 and K. Kasprzak, 1986) and also economically used as 

food and in the production of freshwater pearls ( N. V. Subba Rao and A. Dey, 1989). Bivalve molluscs are 

potential sources of valuable proteins, carbohydrates and minerals and are abundantly available in India. 

The biochemical composition of mollusc is influenced by its size, growth and reproductive status. Bivalves 

play an important role in the ecosystem equilibrium and constitute an important economic end point. The 

bivalves have not been the subject of intense studies despite the presence of rich diversity of edible and 

commercial species in India. 

Carbohydrates play a structural role as well acts as a reservoir of chemical energy to be increased or 

decreased according to organisms need. Animals store homopolysaccharides in tissue as glycogen consist of 

glucose and is considered to be the major source of energy and hence all metabolic events depend upon the 
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breakdown of glycogen. Glycogen in the tissue is also considered to be the immediate source of energy to 

adapt to the environmental conditions. Among the nutrients, carbohydrates are first degraded for energy 

production. Even though protein is the major source of energy in animals, rapid depletion of stored 

carbohydrates primarily in tissues are used for the metabolism. Polysaccharides occur both in free and in 

bound states along with proteins. The stored glycogen content in tissues is released by anaerobic glycolysis 

and is utilized to meet the energy requirement when needed (Vijayavel et al., 2006b). 

Condition, as defined by Mann (1978: 490), is the “ability of an animal to withstand an adverse 

environmental stress, be this physical, chemical or biological.” Glycogen is the primary energy store in 

bivalves (Bayne, 1976; Gabbott, 1983), and the relative amount of glycogen stored in bivalve tissues is 

considered a good indicator of body condition (Galtsoff, 1964; Walne, 1970). Significant reduction in 

unionids glycogen stores prior to and during relocation, therefore, could greatly reduce their ability to cope 

with natural stressors present in the new environment. 

Materials and Methods 

Site selection have been done on the back water of Godavari  river for collecting active, healthy and 

sexually mature bivalves, Indonaia caeruleus throughout the year in different seasons. The experimentation 

has been set up and carried out for 10 days during monsoon season. As soon as after collection of the 

animals from banks of Godavari river, animals brought to the laboratory and washed with tap water to 

remove access muddy coarse particles and brushed to remove the sticky mud, fouling fungal and algal 

biomass. After cleaning the animals of 50-55 mm in shell length were selected and separated in 2-3 small 

containers having well aerated water and kept them for 24 hours for laboratory acclimatization. No food was 

given to the animals during laboratory acclimatization and subsequent experimentation.  

After laboratory acclimatization, the animals were separated in five (5) different aquaria with 

sufficient water quantity (11-12 liter) and aeration for providing oxygenated water to every animal. Each 

group was having 20-25 animals, according to availability of the animals during different seasons.  Water 

has been changed twice in a day with regular interval of 12 hours and at the same time spawning, behavior 

and mortality if any observed on every day of experimentation. Injections were prepared before every 

experimentation i.e. commercial hormone injection progesterone and estradiol 0.1 mg/ml respectively; 

injection of cerebral ganglionic extract was prepared in 1:1 ice cold distilled water and ethanol (i.e.20 

ganglia in 2ml ice cold distilled water and ethanol), it was centrifuged and supernatant collected for 

injecting purpose; sham operated injection was prepared by using 1:1 solvent (i.e. ice cold distilled water 

and ethanol) used for dilution of other experiment injections. The control (normal) group has been kept as it 

is for comparing with the other injected groups.  After separation of animals in five groups, the aquaria were 

labeled and the animals injected with commercial hormones progesterone, estradiol, sham operated control 
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with 0.1µl quantity; except ganglionic extract injection group, it was injected by 0.2 µl quantity (0.2 µl 

extract/animal i.e. equivalent to 2 ganglia/animal). 

The five respective experimental groups are as follows- 1) injection of commercial hormone progesterone 2) 

injection of ganglionic extract 3) injection of sham operation 4) injection of estradiol and 5) control 

(normal). After injecting each group on 1st day of experiment, the glycogen estimation has been done on 3rd, 

6th, and 9th day respectively and every time individual 2-3 animals dissected carefully to remove anterior and 

posterior adductor muscles; animal taken out from shell valve and blotted on filter paper and weighed on 

weighing balance. Then different tissues – mantle, hepatopancreas, gonad and foot were separated from 

animal body and crushed well the same tissues for intermixing and facilitate weighing. 100 mg of each 

tissue have been taken for estimating glycogen. Glycogen has been estimated by De-zwaan and Zandee 

(1972) method by using glucose as a standard. All values were subjected to statistical analysis; significance 

as well as percentage differences were also calculated for experimental group with compare to the intact 

control. 

Results 

The results of the experiments were shown in (Fig. 1- 4 and table 1). The physico-chemical characteristics 

of the water used in experiments during monsoon season were – Temperature (24.00C- 29.00C); pH (8.0- 

8.35); hardness in terms of bicarbonate (125- 132 ppm) and dissolved oxygen content (5.25 – 7.20 mg/l/h). 

The glycogen content during monsoon, on 3 rd day, significantly decreased (2.1156 ± 0.0681, 88.89 

%, P < 0.001) from mantle. On 6th day, the content increased significantly (4.014 ± 0.108, 32.05 %, 

P < 0.05) from hepatopancreas and significant decrease found (3.5523 ± 0.1068, 42.89 %, P < 

0.001) in gonad as well as (0.884 ± 0.0883, 65.0 %, P < 0.001) from foot in hormone progesterone 

injected group. In ganglionic extract injected group, on 3 rd day, the glycogen content significantly 

increased (3.7573 ± 0.2352, 15.78 %, P < 0.05) from gonad. On 6th day the content increased 

significantly (3.6546 ± 0.0889, 20.23 %, P < 0.05) from hepatopancreas and significantly decreased 

(4.8146 ± 0.1129, 22.59 %, P < 0.01) from gonad as well as (1.8283 ± 0.0442, 27.62 %, P < 0.001) 

from foot. Whereas on 9 th day, the content of glycogen increased significantly (5.6053 ± 0.0752, 

55.53 %, P < 0.001) from mantle, (6.2206 ± 0.1048, 88.73 %, P < 0.001) from hepatopancreas, 

(5.6053 ± 0.0589, 12.34 %, P < 0.05) in gonad and (2.7316 ± 0.0613, 112.69 %, P < 0.001) from 

foot respectively. In hormone estradiol injected animals, on 3 rd day, the glycogen content decreased 

significantly (2.321 ± 0.0431, 33.71 %, P < 0.01) from mantle as well as (1.8076 ± 0.0389, 31.24 

%, P < 0.01) from hepatopancreas. On 6 th day, the content increased significantly (2.865 ± 0.0747, 

27.13 %, P < 0.05) from mantle, (2.3723 ± 0.1223, 21.95 %, P < 0.05) from hepatopancreas, (2.475 

± 0.208, 60.21 %, P < 0.001) from gonad and (1.3456 ± 0.0889, 46.73 %, P < 0.01) from foot 

respectively. On 9th day, the glycogen content increased significantly (4.3016 ± 0.0352, 19.35 %, P 
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< 0.05) from mantle, (5.8106 ± 0.0889, 76.29 %, P < 0.001) from hepatopancreas and (2.6803 ± 

0.0889, 108.69 %, P < 0.001) from foot respectively. 

 

Table.1. 
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Discussion 

Carbohydrates in the tissues exist as glycogen, free sugars and protein-bound sugars, which serve as energy 

reserves for various metabolic processes. Among the nutrients, carbohydrates are first degraded for energy 

production. Even though protein is the major source of energy in animals, rapid depletion of stored 

carbohydrates primarily in tissues are used for the metabolism. Polysaccharides occur both in free and in 

bound states along with proteins. The stored glycogen content in tissues is released by anaerobic glycolysis 

and is utilized to meet the energy requirement when needed (Vijayavel et al. 2006b). 

Seasonal cycle of storage and utilization of glycogen content in Indonaia caeruleus is closely linked to food 

supply and gonad development. The content increases in mantle, hepatopancreas, gonad and foot at the time 

of abundant food availability in monsoon. The highest accumulation of this content is seen in mantle, gonad 

and hepatopancreas respectively. Thus, the depot tissue, hepatopancreas and germinal or reproductive tissue 

gonad stores more organic reserves in monsoon. 

For Indian bivalves, Nagabhushanam and Mane (1975) reported correlation in organic constituents and the 

annual reproductive cycle of Katelysia opima. The entire body analyses for protein, lipid and glycogen 

showed that during February and September the lipid content increased and glycogen content decreased - 

such a condition is seen when the clams reach maturing stage. Glycogen in immature clams is stored in 

large amount and level of protein is quite variable and reaches peak, when they reach mature stage. Analysis 

of different body components revealed cyclic changes in gonad and non-cyclic in different body parts like 

digestive gland, mantle, foot, adductor muscle, siphons, gill and rest of the body parts. 
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Nutrients from ingested food are distributed to various body organs for assimilation and storage. For many 

species, it is still unclear whether gonad development depends on food ingested directly from surrounding 

water, on stored reserves, or on both. In high latitudes, where food production is seasonal, some species may 

store nutrient reserves in body organs when food availability is maximum and subsequently utilize them for 

gonad growth, or supplement food intake to meet the reproductive requirements (Ansell et al., 1964; Ansell 

and Trevallion, 1967; Ansell and Lander, 1967; Bayne 1976). The relationship among food availability in 

the environment, storage and reproductive activity varies among species. In the present study on Indonaia 

caeruleus as stated earlier, while dealing with biochemical changes, that the organic reserves particularly the 

glycogen is stored more during monsoon at the time of plenty of food availability. 

It is generally accepted that glycogen which accounts for about 50% of the total carbohydrates (Robert et al. 

1993), is the main energy reserve both for the formation of gametes in adult bivalves and for maintenance, 

especially during nutritional stress (Robert et al. 1993; Galap et al. 1997; Park et al. 2001; Pe´rez-Camacho 

et al. 2003; Liu et al. 2008). In study period of H. Yan et al (2010), the glycogen content decreased 

markedly during sexual maturation in all tissues of S. constricta, reflecting an extensive energetic demand 

during gametogenesis. This characteristic allowed them to conclude that the gametogenesis of S. constricta 

depends mainly on the amount of stored glycogen, consistent with previous studies (Ojea et al. 2004; Li et 

al. 2006). However, in some species, gametogenesis takes place at the expense of the recently ingested food 

without intervention of the energy reserves (Ansell 1974; Bayne 1976). Metabolism of glycogen, lipids and 

proteins in the liver may be under the control of estradiol (Mori et al., 1972a, b). 

Conclusion 

Based on the evidence for direct involvement of hormones in mobilization of glycogen reserves in different 

bivalve molluscs, it has been concluded that the variation in organic reserves due to injection of 

progesterone, estradiol and injection ganglionic extracts is attributed to the stimulate neurosecretion from 

cerebral ganglia and the acceleratory neurosecretory product from visceral ganglia is well in different 

seasons. 
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