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PREFACE 

Life Sciences have always been a fundamental area of science. The exponential 

increase in the quantity of scientific information and the rate, at which new discoveries are 

made, require very elaborate, interdisciplinary and up-to-date information and their 

understanding. Enhanced understanding of biological phenomenon incorporated with 

interdisciplinary approaches has resulted in major breakthrough products for betterment 

of society. To keep the view in mind we are delighted to publish our book entitled 

"Frontiers in Life Science Volume V". This book is the compilation of esteemed articles of 

acknowledged experts in the fields of basic and applied life science. 

This book is published in the hopes of sharing the new research and findings in the 

field of life science subjects. Life science can help us unlock the mysteries of our universe, 

but beyond that, conquering it can be personally satisfying. We developed this digital book 

with the goal of helping people achieve that feeling of accomplishment. 

The articles in the book have been contributed by eminent scientists, academicians. 

Our special thanks and appreciation goes to experts and research workers whose 

contributions have enriched this book. We thank our publisher Bhumi Publishing, India for 

taking pains in bringing out the book.  

Finally, we will always remain a debtor to all our well-wishers for their blessings, 

without which this book would not have come into existence.  

 

- Editors 
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CHEMICAL COMPOSITION AND ANTIMICROBIAL ACTIVITY OF THE LEAF 

ESSENTIAL OIL FROM SYZYGIUM TRAVANCORICUM GAMBLE 

(MYRTACEAE) 

P. S Smitha1* and P. V Anto2 

1Vimala College (Autonomous), Thrissur 

2St. Thomas College (Autonomous), Thrissur 

*Corresponding author E-mail: smithap.s@vimalacollege.edu.in  

 

Abstract: 

 Essential oil from the leaves of Syzygium travancoricum was isolated by hydrodistillation 

and analyzed by GC/MS. Five major compounds representing 100 % of the oil was identified. 

The major constituents in the oil were α-Ocimene (5.26%), β-Ocimene (63.89%), α-

Caryophyllene (22.41%), β-Caryophyllene (4.06%) and β-Caryophyllene epoxide (4.39%). The 

oil was tested for antimicrobial activity against two Gram positive bacteria such Bacillus cereus, 

and Staphylococcus aureus;  Gram negative bacterial strains such as Salmonella typhimurium, 

Escherichia coli, Pseudomonas aerugenosa, and three fungal strains Aspergillus niger, 

Candida albicans and Penicillium chrysogenum. The results showed that S. travancoricum 

essential oil has significant antimicrobial activity against most bacterial strains and fungal 

strains. 

Introduction: 

The genus Syzygium in India is comprised of 102 species, among which 44 species are 

endemic. The Western Ghats have the greatest diversity of species and endemism, with 54 

species and 28 endemics (Govaerts et al. 2008; Shareef et al. 2012b; Sheeba et al. 2003; 

Viswanathan & Manikandan, 2008; Shareef et al. 2010; Sasidharan 2004). Syzygium wood is 

hard, close-grained, and white. They have leathery leaves that are six to twelve centimetres long 

and obovate elliptic or oblong oval in form. There is a lot of diversity with respect to shape, size, 

and venation pattern such as secondary, and tertiary veins, the leaves are shiny and smooth, and 

the leaf tip is acuminate (Gamble 1919).  

Plants from this genus have been reported to have immense medicinal potential for 

variety of ailments including diabetes, high blood pressures, postpartum, cough, fever, vaginal 

infection, respiratory ailments, gastrointestinal, cancer, and microbial diseases. It has also been 

claimed that juvenile leaves from various members of the group are used in the treatment of oral 

infections. The bark of several species of the genus has also been reported to be used to treat 

infections in the skin, wounds, and ulcers (Chattopadhyay et al. 1998). 

mailto:smithap.s@vimalacollege.edu.in
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Syzygium travancoricum Gamble is a critically endangered tree endemic to the South Western 

Ghats, India. According to IUCN Red list 2013, only 200 trees are found in Western Ghats. 

Syzygium travancoricum is known for its medicinal value. Traditionally this plant species has 

been used for curing diabetes and arthritis by local people. The species is well known for its 

astringent, hypoglycemic, bactericidal, antifungal and neuro-psychopharmacological effects. It is 

also a source of essential oil. Shafi et al. (2002) reported that the essential oil extracted from the 

leaves of S. travancoricum showed a very high antimicrobial property. However, to the best of 

our knowledge, the essential oil of this plant has not been the subject of previous studies. Hence 

the objective of this study was to characterize the chemical composition and antimicrobial 

activity of the leaf essential oil from S. travancoricum. 

Plant Material 

 Fresh leaves of Syzygium travancoricum were collected from the natural population 

at Kalassamala, Thrissur district, Kerala, India in April 2021. The plant was identified by Dr. 

E.S Santhoshkumar, Scientist, Jawaharlal Nehru Tropical Botanic Garden and Research 

Institute and a voucher specimen was deposited at the Herbarium of Botany Department, 

Vimala College (Autonomous), Thrissur, Kerala. 

Oil Isolation: Fresh leaves (500g) were hydrodistilled for 4 h in a Clevenger apparatus. The 

oil thus obtained was dried over anhydrous sodium sulphate and stored at 4°C until analysis. 

GC/MS Analysis 

GC/MS analysis of the essential oil was performed using Schimadzu GC/MS (Model 

No.QP2010S) by splitless injection of 1.0 µL of the oil on a Hewlett Packard 6890 gas 

chromatograph fitted with a cross-linked 5% PH ME siloxane ELITE-5 MS capillary column, 30 

m x 0.25 mm, 0.25 µm coating thickness, coupled with a model 5973 mass detector. 

GC/MS operation conditions 

Injector temperature 220°C; transfer line 290°C; oven temperature program 60–246°C 

(3°C/min); carrier gas - He at 1.4 mL/min. Mass spectra: Electron Impact (EI+) mode 70 eV with 

a mass range of 40 to 450m/z, ion source temperature 250°C. Individual components were 

identified by NIIST 11 and WILEY 8 database matching and by comparison of retention times 

and mass spectra of constituents with published data (Adams 1995). Relative retention indices 

(RRI) of constituents were determined using n-alkanes as standards. 

Test organisms 

Test organisms were collected from Institute of Microbial Technology, Microbial Type 

culture Collection Centre, (IMTECH), Chandigarh and maintained as reference stocks at -18 to 

20 C in Freezer. The bacterial strains were revived, subcultured & maintained in non selective 

agar slants at 2-8 ̊ C. These cultures were used for analysis. The analysis was carried out as per 
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the guidelines of CLSI (Clinical Laboratory Standards Institute) and Kirby Bauer Disc diffusion 

method (1959). 

Antimicrobial Assay of the essential oil 

In vitro antimicrobial assay of the oil was carried out according to disc agar diffusion 

method. Antibacterial activity of the oil was tested against Gram positive bacterial strains 

such as Bacillus cereus, and Staphylococcus aureus and Gram negative bacterial strains such as 

Salmonella typhimurium, Escherichia coli, and Pseudomonas aerugenosa. The Mueller-

Hinton agar medium were poured into the plates to uniform depth of 5 mm and allowed to 

solidify. Then the microbial suspensions were streaked over the surface of media using a 

sterile cotton swab to ensure the confluent growth of the organism. Aliquots of 30 µL of the 

oil dissolved in solvent DMSO (1:2) was impregnated on Whatman No.1 filter paper discs 

of 6 mm diameter. These discs were then aseptically applied to the surface of the agar plates 

at well-spaced intervals. The plates were incubated at 37°C for 24 h and the observed 

inhibition zones including the diameter of the discs were measured. Control discs 

impregnated with 30 µL of the solvent DMSO, were used as the control in each experiment. 

The results are presented in Table II. 

 The antifungal activity of the oil was carried out by the disc agar diffusion method as 

described above. Three fungal strains such as Candida albicans Aspergillus niger and 

Penicillium chrysogenum were obtained as MTCC and cultured in modified Sabouraud’s agar. 

Oil dilution was done at 1:2 ratio in DMSO, control discs impregnated with 30 µL of DMSO, 

were used alongside the test discs. Both the assays were performed in triplicate and the results 

are the mean values. 

Results and Discussion: 

 The use of and search for antimicrobial drugs from medicinal plants have increased 

significantly in the recent few years. These plants possess a plethora of phytochemicals in the 

form of secondary metabolites, such as steroids, phenols, tannins, terpenoids, alkaloids, and 

flavonoids, which have established antimicrobial properties and could be developed for treatment 

of infectious diseases (Pandey and Singh, 2011). Numerous studies have reported the 

antimicrobial potency of medicinal plants in various Syzygium species (Chandrasekharan and 

Venkatesalu, 2004). This study is an attempt to screen the essential oil composition and screen 

the antibacterial and antifungal properties of S. travancoricum leaves. Essential oils are complex 

mixtures of compounds with multiple pharmaceutical prospects. The volatile oil obtained in 

0.08% yield (v/w) from the fresh leaves of S. travancoricum was pale yellow in colour with a 

characteristic mango-like odour. Five major volatile constituents accounting for 100 % of the 

total composition of the essential oil were identified and is listed in Table I. Among them 

sesquiterpenes formed the major fraction of the oil, mainly oxygenated ones. Monoterpenes were 
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detected in low percentage. Mohamed et al. (2013) also reported the presence of monoterpenes 

and sesquiterpines as major class of chemical constituents in S. cumini leaves. The major 

sesquiterpenes identified in S. travancoricum were α-Ocimene (5.26%), β-Ocimene (63.89%), α-

Caryophyllene (22.41%), β-Caryophyllene (4.06%) and β-Caryophyllene epoxide (4.39%). The 

high concentration of β-Ocimene and caryophyllene in S. travancoricum leaf oil makes it a 

potential medicinal plant. The present results agree with those of Ayyanar and Subash Babu 

(2012). 

The results of antimicrobial study revealed that the essential oils of S. travancoricum 

possessed antimicrobial activity against Gram positive, Gram negative bacteria and fungal 

strains. The essential oil in DMSO (1:2 dilution) showed greater inhibition against B. cereus, 

S. aureus and S. typhimurium as compared to the control (Table II). The oil showed only 

moderate activity against the bacterial strains E. coli and  P. aeruginosa.  As compared to control, 

a 1:2 dilution of the oil showed more than 100% inhibition against the fungi Candida albicans 

and a moderate activity against A. niger but had no activity against P. chrysogenum. Joji and 

Beena (2011), after isolating the components of the volatile oil from the leaves of S. 

samarangense, suggested that the broad antimicrobial activity of this plant may have been as a 

result of synergistic effect of the phytoconstituents present in this oil. A recent investigation 

reported that S. cumini essential oil possesses antibacterial action against several pathogenic 

bacteria, including E. coli, P. aeruginosa, Neisseria gonorrhoeae, B. subtilis, S. aureus, and E. 

faecalis. Though the research similarly could not accurately measure the potency, it also 

suggested that terpenoids may be behind the antibacterial action. This study, as well as Shafi et 

al. (2002), also found that alpha-pinene, β-pinene, trans-carene, 1,3,6-octatriene, δ-3-carene, 

humulene, and α-limonene were the main components of the oils detected. Other Asian 

Syzygium species have also shown antibacterial properties. Aeromonas hydrophilia, Alcaligenes 

faecalis, B. cereus, C. freundii, E. coli, K. pneumoniae, P. mirabilis are all inhibited by S. jambos 

leaf extracts. Additionally, Shyamala and Vasantha (2010) also stated that S. cumini extract 

showed activity against E.coli and S. aureus. 

Conclusion: 

 Syzygium plants have a long history of being utilized medicinally in tropical and 

subtropical climates. Numerous species are utilized for their antibacterial, antifungal, 

antiprotozoal, antiviral, antidiarrheal, antidiarrheal, antidiarrheal, antidiabetic, analgesic, 

antimalarial, antioxidant, anti-inflammatory, and anticancer properties. However, there is a 

dearth of literature pertaining to the medicinal properties and phytochemistry of an endemic tree 

species S. travancoricum. The major constituents in the oil were α-Ocimene (5.26%), β-Ocimene 

(63.89%), α-Caryophyllene (22.41%), β-Caryophyllene (4.06%) and β-Caryophyllene epoxide 

(4.39%). The oil was tested for antimicrobial activity against two Gram-positive bacteria such 
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Bacillus cereus, and Staphylococcus aureus; Gram negative bacterial strains such as 

Salmonella typhimurium, Escherichia coli, Pseudomonas aerugenosa, and three fungal 

strains Aspergillus niger, Candida albicans and Penicillium chrysogenum. The results showed 

that S. travancoricum essential oil has significant antimicrobial activity against most bacterial 

strains and fungal strains. 

Table I: Chemical composition (%) of leaf essential oil of Syzygium travancoricum 

Component Retention time (Mins.) Area (%) 

α-Ocimene 10.008 5.26 

β-Ocimene 10.449 63.89 

α-Caryophyllene 26.393 22.41 

β-Caryophyllene 27.779 4.06 

β-Caryophyllene epoxide 32.960 4.39 

 

 

Figure 1: Chromatogram of S. travancoricum leaf essential oil 

Table II. Antibacterial activity of the leaf essential oil of Syzygium travancoricum 

Tested bacteria 
Zone of inhibition (mm)  

Leaf oil in DMSO (1:2) Negative Control 

Gram-positive bacteria 

Bacillus cereus 16±0.4 0 

Staphylococcus aureus 13±0.2 0 

Gram-negative bacteria  

Escherichia coli 13±0.4 0 

Salmonella typhimurium 9±0.2 0 

Pseudomonas aerugenosa 8±0.4 0 
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Table III. Antifungal activity of the leaf essential oil of Syzygium travancoricum 

Tested fungi Zone of inhibition (mm) 

Leaf oil in DMSO 30µg/disc Negative Control 

Aspergillus niger 8±0.2 0 

Candida albicans 15±0.6 0 

Penicillium chrysogenum 0 0 

 

              

 

             

 

                                   

 

 

Figure 2: Antimicrobial activity of S. travancoricum leaf essential oil against different 

bacterial and fungal strains 

Escherichia coli 

Bacillus cereus 

Pseudomonas aeruginosa Salmonella typhimurium 

Staphylococcus aureus 

Candida albicans Aspergillus niger Penicillium crysogenum 
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TARTRAZINE INDUCED CHANGES IN BRAIN ACETYLCHOLINESTERASE 

ACTIVITY AND BEHAVIOURAL RESPONSES IN LABEO ROHITA 

Athira N and Jaya D. S. 

Department of Environmental Sciences, 

University of Kerala, Kariavattom Campus, Kerala, PIN- 695 581, India 

Corresponding author E-mail: n.athira20@gmail.com, jayvijayds@gmail.com 

 

Abstract: 

The present study aims to investigate the acute and chronic toxicological effects of the 

azo dye, tartrazine on freshwater carp Labeo rohita with special reference to fish behaviour and 

brain acetylcholinesterase activity. Generally, freshwater fishes are more vulnerable to 

xenobiotics and they can adjust their physiology and metabolism in accordance with the outer 

environment. Fish physiology has a direct link to the behavioural patterns of organisms.In this 

study, one of the sensitive freshwater fish species “rohu” was used as a model to assess the 

toxicity of azo dye, tartrazine. Tartrazine has a wide variety of applications and its toxicological 

effects were less documented. Sublethal concentrations such as 5 mg/L, 10 mg/L, 30 mg/L and 

60 mg/L were used for aquarium studies to assess the toxicological responses in fishes. 

Toxicological responses in the sense of brain acetylcholinesterase activity and behavioural 

responses. The aquarium water quality was assessed at regular intervals and it showed alterations 

in pH, temperature, dissolved oxygen, dissolved carbon dioxide, chemical oxygen demand and 

ammonia. In acute experiments, the major fish behavioural changes observed include erratic 

swimming patterns, surface oxygen engulfing, higher rates of mouth opercular movement etc. In 

chronic experiments the avoidance of food, lack of schooling behaviour etc. was prominent. The 

decrease in the activity of AChE is also reflected in behavioural changes of experimental fishes. 

The study shows that the behavioural changes in Labeo rohita is directly linked to the tartrazine 

induced changes in water Physico-chemical characteristics. So, the behavioural response can be 

used as the biomarker to assess the toxicity of tartrazine in fishes. 

Keywords: Tartrazine, toxicity, Behavioural response, Xenobiotics 

Introduction: 

 Toxicology studies aim to determine whether harmful substances or xenobiotics are 

affecting the health of organisms and to assess the state of an ecosystem (Hellou, 2011). For the 

assessment of these harmful effects in an organism’s body, a number of attributes are employed 

such as bioassays like LC50 and EC50, biochemical analysis, haematological studies, comet 

assays for genetic material, and histopathological examinations of organs and tissues etc. So 

molecular, cellular, biochemical and physiological parameters are considered biomarkers of 

mailto:n.athira20@gmail.com
mailto:jayvijayds@gmail.com
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toxicity. Lagadic et al. (1997) stated that a biomarker is a change that can be noticeable and or 

measured at the molecular, biochemical, cellular, physiological, or behavioural level and that 

reveals the present or past exposure of an individual to at least one chemical contaminant. In 

toxicological studies, behaviour is slowly gaining more recognition due to its 10–1,000 times 

higher sensitivity than the conventional LC50 (Robinson, 2009). Behaviour is an organism-level 

effect defined as the action, reaction or functioning of a system under a set of specific 

circumstances (Hellou, 2011). Animal behaviour is an outcome of its physiology as well as 

biochemistry and these are closely associated with the ecological background or environmental 

quality of studied organisms. 

Acetylcholinesterase (AChE, EC 3.1.1.7) activity is routinely used as a biomarker of the 

exposure to certain groups of contaminants, such as organophosphate and carbamate insecticides 

(Grue et al., 1997).There is a strong bond between the activity of acetylcholineesterase and an 

organism’s behaviour especially movements and balancing. Several insecticides and pesticides 

are found to be capable to disrupt neural transmission and AChE activity. The activity of this 

enzyme is extremely important for many physiological functions, such as prey location, predator 

evasion and orientation toward food (Miron et al., 2005). When AChE activity decreases, 

Acetylcholine is not broken and accumulates within synapses which therefore cannot function in 

a normal way (Dutta and Arends, 2003). In the present study, alterations in fish behaviour were 

observed in chronic and acute experiments. So, the AChE activity was also measured. 

Aquatic ecosystems are always considered the ultimate sink of various pollutants. 

Various industries release their treated and untreated effluents into the environment. The 

conventional methods are not effectivefor certain synthetic compounds like dyes, which are 

largely used in textiles, cosmetics, medicine, food, beverages and other synthetic cool drinks for 

colouring. The colour can improve the aesthetic sense and can lead to a wide acceptance of 

goods from historic times. Nowadays synthetic dyes replace the usage of natural dyes due to the 

large-scale production and applications. The effluents from various sources might be a relevant 

source of dyes to natural water bodies. So, aquatic organisms are susceptible to the harmful 

effects of emerging contaminants. It leads to serious damage to other higher terrestrial organisms 

through the food web. For biomonitoring, both invertebrates and vertebrates can be used widely. 

However, the fishes form a suitable model for toxicological experiments due to numerous 

characteristics such as sensitivity to changes in any Physico-chemical parameters of the water 

body, tendency to bioaccumulate xenobiotics discharged into water bodies etc. (Sheikh and Jae-

Seong, 2008). 

Tartrazine is an azo dye commonly used all over the world, mainly for yellow colours of 

food but can also be used with brilliant blue and green (FAO, 1997). It is a water-soluble salt 

stable to heat and light and many food products and cosmetics contain tartrazine in varying 
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proportions (Frances, 2005). Tartrazine has an ADI(average daily intake) of 0-7.5mg/kg body 

weight. If this limit is exceeded, it may result in fetal health effects such as DNA damage, lethal 

asthma attack and rashes, tumours, migraine, sleep disturbance, hyper activities in children, heat 

waves, purple skin patches, itching, anxiety, general weakness and lots more (Ogazi, 2008). The 

aim of the present study is to assess the effect of tartrazine (CI 19140) which is a representative 

of commonly used azo dye on the behavioural response of the fish Labeo rohita. The toxicity 

potential of tartrazine in humansand in mice has received attention for a long period but the 

environmental significance and toxicity in an indicator species were never mentioned.Therefore, 

for this study, the fish Labeo rohita was selected as the experimental animal which occupies an 

outstanding position as the chief cultured species in aquaculture practices in India (FAO, 2003) 

commonly used for experimental studies. 

Materials and Methods:  

Chemicals: Tartrazine (C.I. 19140, CAS No 1934-21-0, Mw 534,37, synonyms: E 102,Food 

Yellow 4, Acid Yellow 23, FD&C Yellow No.5) is an azo dye with the chemical formula 4,5-

Dihydro-5-oxo-1-(4-sulfophenyl)-4-((4sulfophenyl)azo)-1H-pyrazole-3-carboxylic acid and the 

trisodium salt (95%) was purchased from TCI chemicals (Tokyo Chemical Industries), India.  

Experimental Fish: For the present study Indian major carp- Labeo rohita (Hamilton, 1822) 

commonly known as ‘Rohu’ was procured from the National Fish Seed Farm, Department of 

Fisheries, Kerala State Govt.at Neyyar Dam, Thiruvananthapuram. After disinfection, the fishes 

were acclimatized to the laboratory conditions for 21 days with an adlibitum diet. For both 

acclimatization and experiments, chlorine-free water was used and major water quality 

parameters were analysed according to the standard procedures in APHA (2012). 

Experimental Design: After acclimatization 42 healthy fishes of 15±2 cm length and 28± 2 g 

body weights were selected for the experimental study, and are divided into test and control 

groups. For the acute studies, different concentrations such as10 mg/L (T1), 30 mg/L (T2) and 60 

mg/L (T3) of acid yellow 23 were used and the fishes were exposed for 96 hours in the aquarium 

(25L). For the chronic studies, 5 mg/L (CT1) and 10 mg/L (CT2) concentrations of the dye were 

used and exposed to the fishes for 75 days under controlled conditions in the aquarium (25L). 

The control group fishes were also maintained in both acute and chronic tests. During both static-

acute and static renewal-chronic assays, the important water quality parameters (APHA, 2012) 

were determined and fish behaviour, swimming patterns etc. were also noticed. Gross 

observation and morphological measurements of fish bodieswere done first and last days of the 

experiment. 

Determination of Acetylcholinesterase activity: The control and experimental fishes were 

dissected after the exposure. The fish brain was separated and the determination of AChE 
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activity (EC: 3.1.1.7) was carried out following standard procedure (Ellman et al., 1961). 

Triplicates of each sample were analysed.  

Results and Discussion: 

Water quality parameters in acute assay and chronic assay: The results of the important 

Physico-chemical parameters of aquarium water in the acute assay and chronic assay are given in 

Table 1. The mean values of T1, T2 and T3 are referred to as the test value. The aquaria water 

has bright yellowish colour due to the presence of high concentrations of tartrazine for acute 

exposure. In the acute assay, the water quality parameters were analysed at regular intervals of 

12, 24, 48, and 96 hours. The Physico-chemical characteristics of water temperature, pH, 

dissolved oxygen, dissolved carbon dioxide, chemical oxygen demand and ammonia showed 

variations in the subsequent intervals of exposure periods. The maximum pH observed in test 

aquaria water was 8.10 after the 96 hoursof exposure and the lowest pH recorded in control 

aquaria water was 7.08. The textile industry and dye industry effluents show high pH and 

alkaline nature and the rise in pH is associated with the ammonia production in water as a result 

of frequent fish excretion as a response to an unfavourable environment. As the aquaria water is 

stagnant and highly coloured there may be a chance of oxygen deficiency and a rise in dissolved 

carbon dioxide. Similar observations were made by Banat et al. (1996). The dye tartrazine itself 

causes a change in the COD of water just after the addition because of the presence of aromatic 

amines formed by the dissociation of complex dye in water. Ravi et al. (2013) in their studies 

also reported that the textile dye industry effluents have high COD (62.01 mg/L) due to the 

presence of high total solids and other complex organic chemicals and dyes. 

In the chronic assay, renewals of aquaria water were done around 15 times and the major 

Physico-chemical characteristics of water were analysed after every 12 hours and 96 hours of 

renewal up to 75 days. The test values are the mean of both CT1 and CT2. The abnormal colour 

of aquaria water causes low light penetration and oxygen deficiency. As a result of fish 

excretion, the concentration of ammonia and dissolved carbon dioxide were increased in water 

and leads to a rise in pH. The concentration of dissolved carbon dioxide, chemical oxygen 

demand, and ammonia also show a noticeable rise in aquaria water after the exposure time. The 

dissolved oxygen content was also reduced (5.11 mg/L) in test aquaria water compared to that of 

control aquaria water.  

Brain acetylcholinesterase (AChE, EC: 3.1.1.7) activity: The results of brain acetylcholine 

esterase activity were shown in Figures 1 & 2. A significant reduction in AChE activity was 

found in T3 and T2 fish brains with respect to control. The reduction in the enzyme activity was 

reflected in the unstable and jerky movements of fishes. The aromatic amines, formed by the 

degradation of azo dye tartrazine has considered carcinogenic and neurotoxic. The reduction in 

the enzyme activity may be due to the action of aromatic amine. 
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In chronic experiments, enzyme activity was almost similar in CT1 and CT2 but 

significantly reduced with respect to control. Studies show that the fishes exposed to textiles and 

tannery effluents show behavioural alterations in connection with changes in AChE activity.The 

AChE activity was almost similar in CT1 and CT2. The inhibition of the acetylcholinesterase by 

toxicants can affect the locomotion and equilibrium of exposed organisms (Saglio & Trijasse, 

1998; Bretaud et al., 2000). In chronic experiments, the swimming speed was too slow and fishes 

used to balance their body vertically in the water. 

Behavioural Changes in fishes: The observed behavioural changes are given in Table 2. In 

acute experiments, at higher concentrations (T2 and T3) the fishes showed jerky movements at 

the beginning of exposure andat the lowest concentration (T1) of the dye, fishes started 

unsteadiness and jerky movements after 48 hours. Fishes suffered severe diarrhoea during the 

exposure time. After 24 hours of exposure, the fish started engulfing the surface air and mucous 

ejection through the mouth. The opercular and mouth movements were at a high rate in the last 

hours’ experiment around 72 hours.The opercular movements in test fishes (T2 and T3) were 

doubled with respect to the control. Over secretion of mucous in gills is an adaptive mechanism 

against dye pollution, and it also leads to respiratory distress and suffocation leading to rapid 

opercular movement, gulping of surface air and excess mucous ejection. In most of the 

observations in different time intervals of the experiments, the fishes were on the surface of 

aquarium water to avoid contact with the azo dye. The swimming patterns of the fishes were 

erratic and faster fin movements were also observed during exposure. Some of the fishes showed 

hyperactivity, also tried to jump outside frequently and died after 96 hours at higher 

concentrations.The erratic swimming movements shown by fishes in the present study might be 

due to the inhibition of acetylcholinesterase (AChE) by the toxic effect of the pollutant (Miron, 

2005). Unsteady jerking movements and loss of balance in L. rohita fingerlings, treated with azo 

dye direct green 6 were also reported by Barot and Bahadur (2012). 

In the chronic experiment with tartrazine, static renewal type assay, the fishes were 

provided with food pellets twice a day. All the time they avoided normal feeding and there was 

no schooling behaviour. The feeding and social behavior have been considered significant in the 

exposure experiments.The mouth and opercular movements indicate oxygen deficiency and the 

difficulty of breathing was increased in test fishes near to each renewal time (96 hours). In the 

beginning hours of the experiments, there were no mouth and opercular movements may be due 

to the low concentrations of tartrazine. On the last days of the experiment, the fishes showed 

hyperactivity and general weakness induced by severe diarrhoea. Food avoidance behavior was 

due to loss of appetite and may be the gradual accumulation of dyes in the gastro-intestinal tract 

of exposed fishes. The total body weight of fish was reduced after the chronic exposure of 75 

days. The over mucous secretion, shredding of scales and weight loss were also noticed. Similar 
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studies by Barot and Bahadur (2015) using the dye acid orange 7 also caused scale erosion and 

skin damage to exposed L. rohita fingerlings in chronic experiments. The mucous secretion in 

fishes due to the contaminant exposure has an ameliorative effect against the toxicants (Arillo 

and Melodia, 1990). The exudation of mucous and depigmentation of the fish body due to 

dysfunction of hormones from the pituitary gland under the pesticide stress was reported in the 

study by Parithabhanu (2013). According to Kane et al. (2005), the depigmentation and 

shredding of scales were due to the damage to the skin especially the dermis part because of the 

direct contact with contaminants. The present study shows that azo dye tartrazine has the 

potential to damage the skin of fish and these changes in behaviour might be an indication of 

cellular and tissue damage which leads to altered physiology inside the body of fish. 

Table 1: Physico-chemical characteristics of aquarium water (Acute and Chronic assay) 

Parameters Group 1 Hour 96 Hours 

Temp (0C) 

Control  28 28 

Test (T1 &T2) 28 30 

Test (CT1 & CT2) 28 28 

pH 

Control 6.68 7.65 

Test (T1 &T2) 6.99 8.01 

Test (CT1 & CT2) 6.79 7.98 

DO (mg/L) 

Control 7 6.01 

Test (T1 &T2) 6.02 4.8 

Test (CT1 & CT2) 6.4 5.2 

CO2 (mg/L) 

Control 8.9 10.1 

Test (T1 &T2) 10.89 14.58 

Test (CT1 & CT2) 10.4 13.4 

COD (mg/L) 

Control  0 0.8 

Test (T1 &T2) 39.01 52.02 

Test (CT1 & CT2) 24 39 

NH3 (mg/L) 

Control  0.21 0.59 

Test (T1 &T2) 0.79 2.67 

Test (CT1 & CT2) 0.57 1.52 
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Table 2: Behaviour changes in fishes exposed to tartrazine (Acute and Chronic assay). 

Behavioural 

Changes 

Sample fishes 

Control T1 T2 T3 CT1 CT2 

Movement 

immediate to 

exposure 

Normal Fast and 

imbalanced 

Fast and 

imbalanced 

Fast and 

imbalanced. 

Hyperactivity at 

ends. 

No 

observable 

changes 

Fast and 

imbalanced 

Swimming Normal Retarded Erratic Erratic pattern 

and jerky 

movements 

Retarded Retarded 

Opercular  

Movements 

66/mins 94/mins 102/mins 120/mins 74/ mins 85/ mins 

Mouth 

Movements 

74/mins 100/mins 107/mins 113/ mins 75/ mins 89/ mins 

Engulfing 

surface O2 

1/mins 3/ mins 5/ mins 6/mins 2/mins 2/mins 

Fin 

movements 

(pelvic) 

Normal Normal Frequently 

high and 

low 

Frequently high 

and low 

Normal High in 

certain 

intervals 

Mucous 

ejection 

No 2-3/ 12 

hours 

5-7/12 

hours 

5-8/12 hours 1-2/12 

hours 

1-2/12 

hours 

Body balance normal Slightly 

unstable 

unstable Unstable Unstable at 

ends of 

experiment 

Unstable 

Schooling 

behaviour 

present Not always No No Not always Not always 

Food & 

feeding 

Normal - - - Avoidance 

of food 

Avoidance 

of food 

Excretion 

rate 

Normal Moderately 

high 

diahorric Diahorric Moderately 

High 

diahorric 

 

 

 

 

 

 



Bhumi Publishing, India 

16 
 

 

Figure 1: Variation in brain AChE activity in the acute experiment 

 

 

Figure 2: Variation in brain AChE activity in the chronic experiment 

 

Conclusion: 

The study proves that the azo dye tartrazine is a pollutant because it can cause changes in 

certain physical (colour) and chemical (dissolved oxygen, chemical oxygen demand, ammonia) 

characteristics of water. Also, the behavioural response in fishes depends on the concentration of 

tartrazine; time of exposure and physico-chemical characteristics of aquarium water. The activity 

of acetylcholinesterase activity was decreased in test fishes, especially in the acute experiment. 

The major changes observed include swimming patterns, movements and breathing which are 

easily observable in acute experiments because of the response of fishes to a sudden change in 

surroundings. In chronic experiments, long term behavioural responses were noticed such as 

food avoidance behaviour induced weight loss, over mucous secretion and clogging of gills, 

colour change and shredding of body scales etc. This experimental study shows that behavioural 
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responses are relatively fast, easy to perform, non-invasive and cheap with high ecological 

relevance and can be used as a tool to assess tartrazine toxicity in fishes.  
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Abstract:  

 The river Jaldhaka is a glacier feed torrential river and originates from Bitanglake in 

Sikkim. This river is famous for cold water as well as warm water fishes. A total of 122 fish 

species belongs to 11 orders, 30 families and 73 genera were recorded. Out of 122 fish species 

16 are EN, 35 are VU, 32 species are LRnt and 4 species are under LRlc category and so, 51 

fishes are under threatened category. Most important threats of fish diversity in the river 

Jaldhaka are over fishing, construction of damp for hydroelectricity, introduction of exotic 

species, water pollution etc. 

Keywords: Jaldhaka, diversity indices, endanger, vulnerable, threats 

Introduction:  

 The river Jaldhaka is a transboundary river of India, Bhutan and Bangladesh and its total 

length is 192 kilometer. The river Jaldhaka is originated from Bitanglake in Sikkim. It flows 

through the Kalimpong, Dareeling, Jalpaiguri and Cooch Behar district of West Bengal. The 

main tributaries of the river Jaldhaka are the Murti, the Naksal Khola, the Sutunga, the Jarda,the 

Diana and the Mujnai. River Jaldhaka is a part of Brahmaputra drainage system and joins with 

the river Dharla and open into the river Brahamaputra in Bangladesh. A dam has been made in 

river Jaldhaka for generating electricity in the boundary between India and Bhutan. Fishes are 

very important ecologically as well as financially. Fishes are the important source of protein and 

mitigating the protein deficiency of this area (Jha et al., 2004). This river originates from the 

eastern Himalaya biodiversity hotspot and so the river Jaldhaka is rich in fish diversity. India 

blessed with large freshwater fish diversity (Mittermeier and Mittemeier, 1997). The eastern 

Himalaya has a greater diversity of cold water fish than the western part of Himalayan (Sehgal, 

1999). River Jaldhaka has huge cold water fish’s diversity. Fish diversity in the river Jaldhaka 

has decreased drastically in last few decades due to anthropogenic activities such as over-

exploitation, indiscriminate fishing and pollution. Many Ichthyologist studied on the fish 

diversity of the Dooars region of North Bengal, such as (Shaw and Shebbeare, 1937; Menon 

1954; Jha, et al., 2004; Sarkar Pal, 2008, 2015; Patra, 2011).  

mailto:tapan.ruzoo@gmail.com
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 Ichthyofanal diversity in the Himalayan region is very rich because this region is blessed 

with many small to large torrential rivers (Abell et al., 2008). Biodiversity loss is grater in fresh 

waters in comparison to terrestrial Ecosystems (Sala et al., 2000). North Bengal (India) is 

considered as the fish diversity 'Hot Spot' (Barman, 2007). The diversity of indigenous fish 

species is an indicator of the aquatic ecosystem. Fishes are the integral part of Bengalis’ food and 

culture. Over the last few decades, riverine ecosystems have been suffering from many 

anthropogenic activities resulting in habitat loss, habitat deteriorations and fragmentation. 

Riverine fishes are the most threatened vertebrates groups (Darwall and Vie, 2005) because they 

are highly sensitive to the minor changes of aquatic habits (Laffaille et al., 2005; Kang et al., 

2009; Sarkar et al., 2008). Riverine fishes are sometimes used as bioindicators for assessing the 

quality of water (Chovance et al., 2003). Rivers belong to the most diverse ecosystems on earth 

(Bosshard, 2015) but arehighly threatened by habitat fragmentation (Dynesius and Nilsson, 

1994; Nilsson et al., 2005). The eastern Himalayan streams and rivers are rich in cold water fish 

diversity than the Western Himalayan streams and rivers (Sehgal, 1999). The Eastern Himalayan 

streams and rivers are considered as freshwater biodiversity hotspot (Kottelat and Whitten 1996). 

Ichthyofaunal diversity: 

 A total of the 122 species belonged to 11 orders, 29 families and 73 genera were found in 

river Jaldhaka. Most dominant family was Cyprinidae comprising 49 species then followed by 

Sisoridae with 12 species, Bagridae and Balitoridae 7 species each, Cobitidae 5 species, 

Channidae and Scheilbeidae 4 species each, Centropmidae, Mastacembelidae and 

Osphronemidae 3 species each, Amblyciptidae, Silurida, Nandiae, Psilorhynchidae, Claridaeand 

Notopteridae 2 species each and Heteropneustidae, Anabantidae, Chacidae, Cichlidae, Gobidae, 

Anguilidae, Ophinthidae, Belonidae, Clupeidae, Mugilidae, Synbranchidae, Olyridae and 

Tetrodontidae 1 species each (Tab.-1 and Fig.-1). Most dominant order was Cypriniformes with 

63 species  (5.64 %), Siluriformes with 30 species  (24.59%), Perciformes with 16 species  

(13.12 %), Synbranchiformes with 4 species  (3.28 %), Anguilliformes with 2 species  (1.64%), 

Osteoglossiformes with 2 species  (1.64%), Cyprinidontiformes, Beloniformes, Clupiformes, 

Mugiliformes, Tetraodontiformes each with 1 species  (0.82 %)(Tab.-2 and Fig.-2). Previously 

Dey and Sarkar were observed a total 113 fish species from the river Jaldhaka (Dey and Sarkar, 

2015). Patra et al., (2011) found a total of fiftyfive fish species from the Karala River. Debnath 

(2015) recorded 73 fish species from the river Gadadhar at Cooch Behar District, West Bengal. 

83 fish species from different rivers and reservoirs of Teari region of West Bengal were recorded 

by Sakar and Pal (2008). Over and indiscriminate fishing over the years in the river Jaldhaka has 

resulted in a decrease in fish diversity. Similar finding was recorded by Acherjee and Barat 

(2013) in the river Relli. 
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Table: 1 Checklist of fishes with their conservation status, economic and food value in the river Jaldhaka 

Order Family Fish species found Conservation status Economic 

value 

Food 

habit IUCN BARMAN, 

2007 

NBFGR, 

2010 

Cypriniformes 

(5.64 %)  

Balitoridae (5.74 %)  Aborichthys elongatus (Hora) END LC EN EN Fd, Or, O 

  Acanthocobitis Botia  (Hamilton) END LC NT LRnt Fd, Or, O 

  Schistura devdevi (Hora) END NT EN EN Fd, Or, O 

  Schistura corica (Hamilton)  LC  LRnt Fd, Or, O 

  Schistura rupecula (McClelland) END LC  LRnt Fd, Or, O 

  Schistura savona (Hamilton)  LC  LC Fd, Or, O 

  Schistura multifasciatus (Day)  LC EN VU Fd, Or, O 

 Cobitidae  (4.10 %)  Botia dayi (Hamilton)  NE   Fd, Or, C 

  Botia dario (Hamilton)  LC  VU Fd, Or, C 

  Botia lohachata (Chaudhuri)  LC  VU Fd, Or, C 

  Lepidocephalicthys guntea (Hamilton)  LC  VU Fd, Or, C 

  Somileptes gongota (Hamilton)  LC NT VU Fd, Or, C 

 Cyprinidae  (40.16 % )  Amblypharyngodon mola (Hamilton)  LC  LRlc Fd, Or, H 

  Aspidoparia morar ( (Hamilton)  LC VU VU Fd C 

  Aspidoparia jaya (Hamilton)  LC VU VU Fd C 

  Barilius barila (Hamilton)  LC VU VU Fd O 

  Barilius barna (Hamilton)  LC NT LRnt Fd O 

  Barilius  bola (Hamilton)  LC  V Fd O 

  Barilius shacra (Hamilton)  LC NT LRnt Fd O 

  Barilius vagra (Hamilton)  LC VU VU Fd O 

  Barilius bendelisis (Hamilton)  LC NT LRnt Fd O 

  Barilius tileo (Hamilton)  LC NT LRnt Fd O 

  Chagunius chagunio (Hamilton)  LC VU EN Fd O 
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  Chela laubuca (Hamilton)  LC  LRlc Fd, Or, O 

  Cirrhinus reba (Hamilton)  LC VU VU Fd O 

  Crossocheilus latia (Hamilton) END LC  VU Fd O 

  Devraio devario (Hamilton)  DD  LRnt Fd, Or, C 

  Danio rerio (Hamilton)  LC NT  Fd, Or, C 

  Devario aequipinnatus (McClelland)  LC NT  Fd, Or, C 

  Danio dangila (Hamilton)  LC  VU Fd, Or, C 

  Esomusdanricus (Hamilton)  LC  LRlc Fd, Or, C 

  Rasboradaniconius (Hamilton)  LC NT LC Fd, Or, C 

  Garra gotyla (Gray)  LC VU VU Fd H 

  Garra lamta (Hamilton)  LC  VU Fd H 

  Garra kempi (Hora)  LC  LC Fd H 

  Garra mcclellanei (Jerdon)  LC  LC Fd H 

  Labeo bata (Hamilton)  LC NT LRnt Fd H 

  Labeo boga (Hamilton)  LC NT LRnt Fd H 

  Labeo calbasu (Hamilton)  LC NT LRnt Fd H 

  Labeo dero (Hamilton)    VU Fd H 

  Labeo dyocheilus (McClelland)  LC  VU Fd, Sp, H 

  Labeo gonius (Hamilton)  LC NT LRnt Fd H 

  Labeo pangusia (Hamilton)  LC NT LRnt Fd, Sp H 

  Labeo rohita (Hamilton)  LC NT LRnt Fd, Or, H 

  Neolissocheilus hexagonolepis (McClelland)  LC EN VU Fd, Sp, H 

  Osteobrama cotio (Hamilton)  LC NT LRnt Fd, Or, O 

  Puntius conchonius (Hamilton)  LC VU VU Fd, Or, C 

  Puntius gelius (Hamilton)  LC  LC Fd, Or, C 

  Puntius  stigma (Hamilton)  NE   Fd, Or, C 

  Puntius sophore (Hamilton)  LC NT LRnt Fd, Or, C 

  Puntius sarana (Hamilton)  LC VU VU Fd, Or, C 

  Puntius ticto (Hamilton)  LC NT LRnt Fd, Or, C 
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  Puntius  javanicus (Bleeker)  EX   Fd, Or, C 

  Oreichthyscosuatis (Hamilton)  LC   Fd, Or, C 

  Schizothoraichthys progastus (McClelland)  LC  LRnt Fd, Sp H 

  Schizothoraxrichardsonii (Gray)  VU VU VU Fd, Sp H 

  Semiplotus semiplotus (McClelland)  LC  VU Fd, Or, C 

  Tor putitora (Hamilton)  EN EN EN Fd, Sp O 

  Tor tor (Hamilton)  DD EN EN Fd, Sp O 

  Ctenopharyngodon idella (valenciennes)  EX   Fd, H 

  Cyprinus carpio (Linnaeus)  EX   Fd, O 

 Psilorhynchidae  (1.64%)  Psilorhynchus balitora (Hamilton)  LC  EN Sp O 

  Psilorhynchus sucatio (Hamilton) END LC  EN Sp O 

Siluriformes 

(24.59%)  

Amblycipitidae (1.64%)  Amblycepsmangois (Hamilton)  LC NT LRnt Fd, Or, C 

  Amblycepsapangi (Nath and Dey) END LC  VU Fd, Or, C 

 Bagridae  (5.74%)  Batasio batasio (Hamilton) END LC  NK Fd, Or, C 

  Batasio tengana (Hamilton)  LC  LC Fd, Or, C 

  Mystus vittatus (Bloch)  LC  VU Fd C 

  Mystus bleekeri (Day)  LC VU VU Fd C 

  Mystus tengara (Hamilton)  LC  LC Fd C 

  Sperataaor (Hamilton)  LC VU VU Fd C 

  Rita rita (Hamilton) Fd, Sp LC VU LRnt Fd C 

 Clariidae (1.64%)  Clarias batrachus (Linnaeus)  EN VU VU Fd, Or, C 

  Clarias gariepinus (Burchill)  EX   Fd, Or, C 

 Heteropneustidae (0.82 %)  Heteropneustes fossilis (Bloach)  LC VU VU Fd, Sp C 

 Schilbeidae (1.11%)  Ailia coila (Hamilton)  NT VU VU Fd C 

  Clupisoma garua (Hamilton)  LC VU VU Fd C 

  Eutropiichthys murius (Hamilton)  LC NT LRnt Fd C 

  Eutropiichthys vacha (Hamilton)  LC EN EN Fd C 

 Siluridae (1.64%)  Ompak pabda (Hamilton)  NT EN EN Fd, Or, C 



Bhumi Publishing, India 

24 
 

  Wallago attu (Schenider)  NT NT LRnt Fd, Or, C 

 Sisoridae (9.84%)  Bagarius bagarius (Hamilton) END NT VU VU Fd, Sp C 

  Glyptothorax cavia (Hamilton)  LC  EN Fd, Or, C 

  Glyptothorax horai (Fowler)  LC   Fd C 

  Glyptothorax pectinopterus (McClelland)  LC  VU Fd, Or, C 

  Glyptothorax telchitta (Hamilton)  LC  LRnt Fd, Or, C 

  Hara horai (Misra)  END LC EN  Or, C 

  Hara jerdoni (Day)  LC   Or, C 

  Gagata cenia (Hamilton)  LC  LRnt Fd, Or, C 

  Nangra punctata (Day)  LC   Fd, Or, C 

  Pseudolaguvia ribeiroi (Hora)  LC NT LRnt Or, C 

  Pseudolaguvia shawi (Hora) END LC EN EN Or, C 

  Sisorrhabdophorus (Hamilton)  LC EN EN Or, C 

Perciformes 

 (13.12%)  

Anabantidae (0.82 %)  Anabas testudineus (Bloch)  DD VU VU Fd, C 

Centropomidae (2.46%)  Parambassisbaculis (Hamilton)  DD  LC Fd, Or, C 

  Parambas sisranga (Hamilton)  LC  LC Fd, Or, C 

  Chandanama (Hamilton)  LC  LC Fd, Or, C 

 Chacidae (0.82 %)  Chaca chaca (Hamilton)  LC  EN Or, C 

 Channidae  (3.28%)  Channa punctata (Bloch)  LC NT LRnt Fd, C 

  Chann astriata (Bloch)  LC  LRlc Fd, C 

  Channa marulius (Hamilton)  LC  LRnt Fd, C 

  Channa gachua (Hamilton)  LC  EN Fd, Or, C 

 Cichlidae (0.82 %)  Oreochromis niloticus (Linnaeus)  EX   Fd, H 

 Gobiidae (0.82 %)  Glossogobius giuris (Hamilton)  LC NT LRnt Fd, C 

 Nandidae (1.64%)  Badis badis (Hamilton) END LC  NK Fd, Or, C 

  Nandu snandus (Hamilton) END  NT LRnt Fd, Or, C 

 Osphronemidae (2.46%)  Trichogasterchuna (Bloch)  LC  NK Fd, Or, C 

  Trichogaster labiosa (Das)  LC  NK Fd, Or, C 

  Ctenopsno bilis (McClelland)  LC  NK Fd, Or, C 
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Cyprinidontifor

mes (0.82 %)  

Aplocheilidae (0.82 %)  Aplocheilux panchax (Hamilton)  LC  DD Or, O 

Anguilliformes 

(1.64%)  

Anguillidae (0.82 %)  Anguilla bengalensis (Gray )  NT  EN Fd, Sp O 

 Ophichthidae (0.82 %)  Pisodonophisboro (Hamilton)  LC  NE Fd, C 

Beloniformes  

(0.82 %)  

Belonidae (0.82 %)  Xenentodoncancila (Hamilton)  LC  EN Fd, Or, C 

Clupiformes 1 

(0.82 %)  

Clupeidae 1 (0.82 %)  Gudusiachapra (Hamilton)  LC  LRlc Fd, O 

Synbranchiform

es  (3.28 %)  

Mastacembelidae (2.46%)  Mastacembelus armatus (Lacepede)  LC  VU Fd, Or, C 

  Macrognathus pancalus (Hamilton)  LC NT NT Fd, Or, C 

  Macrognathu saral (Bloch)  LC   Fd, Or, C 

 Synbranchidae (0.82 %)  Monopterus cuchia (Hamilton)  LC NT LRnt Fd O 

Mugiliformes  

(0.82 %)  

Mugilidae (0.82 %)  Rhinomugil corsula (Hamilton)  LC VU VU Fd H 

Osteoglossifor

mes (1.64%)  

Notopteridae (1.64%)  Notopterus notopterous (Pallas)  LC  EN Fd C 

  Chitala chitala (Hamilton)  NT  EN Fd C 

Tetraodontifor

mes  (0.82 %)  

Tetraodontidae (0.82 %)  Tetraodon cutcutia (Hamilton)  LC NT LRnt Or O 

 

O=Omnivorous, C= Carnivorous, H= Herbivorous, Fd = Food fish, Or=Ornamental fish, Sp- Sport fish. DD = Data deficient, NE= Not evaluated, VU= Vulnerable, EN= Endangered, LC= 

Least Concern, LRnt= Lower risk near threatened, LRlc= Lower risk least concern. End= Endemic 
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Figure 1: Graphical representation of different fish family 

 

Figure 2: Percent composition of different fish orders 

 

 Maximum number of fish genera was reported during the monsoon season. Similar 

finding was suggested by Bisht et al., (2009) in the river Dangchaura. High water depth and 

huge inputs of nutrients during monsoon season have enriched the river water.  

 Bariulus spp., Puntius spp., Labeo spp. Lepidocephalicthys guntea, 

Somileptesgongota, Garra spp., Channa punctate, Glossogobius giuris, Parambassis baculis 

are dominant  fish species in the river Jaldhaka. Tor spp., Bagariusbagarius, 

Schizothoraichthys spp., Neolissocheilus hexagonolepis, Sisorrhabdophorus, Anguilla 

bengalensis, Chitalachitala and Notopterus notopterus were recorded very rarely in this 

River. Important migratory fishes are Tor spp., Bagarius bagarius, Anguilla bengalensis, 

Schizothoraichthys spp., Neolissocheilus hexagonolepis, Labeo dyocheilus, Labeo pangusia, 
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Chagunius chagunio etc. Migratory fishes are very rare in the downstream region of the river 

Jaldhaka due to presence of a hydroelectric project in the Indo-Bhutan border of this river. 

 Among the reported fishes 45 fish have food value (36.88%), 57 have food and 

ornamental value (47.72%), 10 have only ornamental value (8.20%) and 10 fishes have both 

food and sport value (8.20 %). Out of 122 collected fishes 76 are Carnivorus (62.29 %), 28 

are Omnivorus (22.95 %) and 18 fish species are Herbivorus (14.75 %). The analysis of the 

trophic structure of the fishes indicatesdominancy of carnivorous followed by omnivorous 

andherbivorous. Similar dominancy of carnivorous Fish species was foundin the rivers of 

Western Ghats (Das, 2007) and Ganga basin (Sarkar et al., 2010). 

 Rivers of this area are occupied by large number of fish species due to lower altitudes 

and high water flows which give a wide range of accessible resources and niches (Gue’gan et 

al., 1998).Out of 122 fishes 36 are cold water fishes (Sehgal, 1999). Sarkar (2021) recorded 

71 cold water fishes from different rivers of the Dooars region, West Bengal.  Few migratory 

fishes also found such as Labeo dyocheilus, L. dero, L. pangusia, Schizothorax richardsonii, 

Tor spp. etc. but dam made on this river inhibits their migration from lower altitude to a 

higher altitude during the breeding season and vice-versa. When these migratory fishes have 

migrated from their breeding ground to winter home or downstream easily caught by the 

fishermen. Barilus spp., Psilorhynchus spp.,Glyptothorax spp. are highly adapted in hill 

stream and torrential rivers. Their bodies are highly streamlined and few have adhesive organ 

which helped them to attaché with the rock of the river. 

 Brood fishes were recorded during monsoon and post-monsoon seasons from this 

river.  Similar finding was suggested by Hora and Gupta (1940).Five exotic fish species such 

as Puntius javanicus, Ctenopharyngodon idella, Cyprinus carpio, Clarias gariepinus and 

Oreochromis niloticus were reported from the river Jaldhaka. Among which Cyprinus carpio 

and Clarias gariepinus were dominant exotic fish species. 

 13 endemic fish species were reported from the river Jaldhaka such as Aborichthys 

elongatus, Acanthocobitis botia, Schisturadev devi, Schisturarupecula, Crossocheilus latia, 

Psilorhynchus sucatio, Amblyceps apangi, Batasio batasio, Bagarius bagarius, 

Pseudolaguvias hawi, Badisbadis, Hara horai and Nandus nandus. Batasio batasio and Hara 

horai are only found in the Terai and Dooars region of the North Bengal. Among the 13 

endemic fish species 5 are EN (Endanger) and three are VU (Vulnerable) species.  

 According to IUCN threatened category two fish species are EN, one VU, 7 species 

NT, 73 species are LC and 4 are data deficient. So 2.46 % fishes are belonged under 

threatened category (IUCN). Out of 122 fish species 11 species are EN, 19 species are VU 

and 26 fish species belonged to under NT (Barman, 2007). So, 24.60 % (30 species) are 

belonged to under threatened category (Barman, 2007). According to NBFGR (2010) out of 
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122 fishes 16 are EN, 35 are VU, 32 species are LRnt and 4 species are under LRlc category 

and so, 51 (41.80 %) fishes are under threatened category.Molur& Walker (1998) and Menon 

(1999 and 2004) found 59 threatened category of freshwater fish species from the West 

Bengal. 

Threats of fish diversity in the river Jaldhaka 

 The threats of global freshwater biodiversity may be grouped under five interacting 

categories Overexploitation, water pollution, flow modification, deterioration of habitat 

andintroduction of  exotic fish species (Postel& Richter, 2003; Revengaet al., 2005).Barman 

(2007) reported that the anthropogenic activities are the main threats (99 %) of riverine 

fishes. Threats of fish diversity in the river Jaldhka are grouped into the following heads- 

Over and indiscriminate fishing- Over and indiscriminate fishing for food and aquarium are 

the major problems of indigenous fish species. There are many professional fishermen and 

their livelihood depends on the river Jaldhaka and they have not even excluded the juveniles 

and brooders. Illegal fishing such as use of mosquito net or fine mesh size net, gill net, use of 

electric and poison are common practise. Electro-fishing and dynamiting are adopted mainly 

by picnickers (Sen and Biswas, 2006). Similar activities in the hill stream Relli were 

suggested by Acherjee and Barat (2013). 

Effect of Damp- A hydroelectric project namely Jaldhaka hydroelectric project was 

constructed on the river Jaldhaka at the Jhalong, West Bengal. This barrage inhibits the 

migration of fishes from upstream to downstream and vice versa. So, the conservation of 

migratory fishes is more complicated (Pelicice et al., 2015). This barrage alter the habitat at 

downstream of this river and has affected the fish diversity in the river jaldhaka. Dam 

changes in the community of consumers, especially invertebrates and fish (Petts 1985). 

 Dams and reservoirs in the river have affectedthe rate of water flow and depth of the 

water and also cause habitat fragmentation.According to Bunn and Arthington (2002) many 

types of river ecosystem have been lost and populations of many riverine fish species have 

become highly fragmented due to human intervention. The effects of dam on fish diversityare 

not always immediate but sometimes showed after fewgeneration (Yamamoto et al., 2004; 

Fukushima et al., 2007).Dams are the main culprit of habitat destruction and 

defragmentation. Reservoirs are not suitable habitat for juvenile fish and act as ecological 

traps for juvenile fish (Pelicice and Agostinho 2008). 

Introduction of exotic fish species - Five exotic fish species were recorded from this river 

such as Puntius javanicus, Ctenopharayngodon idela, Cyprinus carpio, Orechromis 

mossambica and Clarias gariepinus. These exotic fish species competes with the indigenous 

fishes for their food and habitat. The Cyprinus carpio is shared its food niche with Cirrhinus 

mrigala and Cirrhinus reba and thus threatening the existence of above two indigenous carps 
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(Barman, 2007). Orechromis mossambica feeds on the egg of Labeo rohita which is very 

important major carp. The growth rate of Catla catla and Cirrhinus mrigala have been badly 

affected due to competition with the Orechromis mossambica. Clarias gariepinus has 

damaged the indigenous carnivorous fishes because it is a voracious carnivore fish with faster 

growth rate (Barman, 2007). In the river Jaldhaka carnivorous fishes are the dominant fish 

groups. Exotic fish species has displaced many indigenous fishes in the river Jaldhaka (Copp 

et al., 2005). 

Disposal of municipal waste- Opening of municipal drainage (Dhupguri, Mayanaguri and 

Mathabhanga city) system directly into the river which have polluted the river water and 

adversely affected the fish diversity of the river Jaldhaka. Disposal of solid waste also 

polluted the river water. Human habitation near river side have been polluted the river water 

by draining of waste water directly in to the river. Water pollution has changed the fish 

abundance pattern of the river (Lima-Junior et al., 2006). 

River bed as agricultural field- River bed is also used for agricultural field and for 

cultivation of water melon (Citrullus lanatus) and paddy. Farmer usually used different 

pesticides and chemical fertilizer which ultimately runoff into the river water during rain. So, 

these pesticides affect the riverine fish diversity. 

Unplanned embankment- Unnecessarily unplanned embankment was constructed on the 

two sides of the riverJaldhakato prevent the entry of flood water in the agricultural field. 

These embankments also prevent flooding of river’s low land areas that are actually 

spawning ground for carps. So, the embankment to a large extent decreased breeding ground 

and habitat of many riverine fish. So river embankments have reduced the spawning and 

breeding ground of many riverine fishes and their number decreased drastically. 

Water abstraction- Water abstraction for agriculture, tea garden and domestic use have 

reduced the water level particularly during winter or dry season. So, this illegal water 

abstraction affects the fish diversity in the river Jaldhaka. Similar findings was suggested by 

Dawson et al. (2003) 

Flood – The riverJaldhaka often experienced with flood and flush flood. Flood and flush 

flood wash out eggs and finger links from their breeding and spawning ground. So, after 

every flood there is a drastic declined of fish diversity.Similar finding was suggested by 

Jowett and Richardson (1989). 

Deforestation- Deforestation has increased the sediments load of river which is not suitable 

for fish diversity. Deforestation of riparian vegetation creates more problems in the river. 

Global environmental changes- Global environmental changes such as global warming, 

shifts in precipitation and runoff patterns (Poff, Brinson & Day, 2002, Galloway et al., 2004) 

are major threats for fresh water fish diversity. 
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Conclusion:  

 Though the Jaldhaka is a small river but rich in ichthyofauna the diversity, this 

diversity drastically decreased day by day. A total of 122 fish species found during the study 

period. Over and indiscriminate fishing, dynamiting, poisoning and electro-fishing are mainly 

responsible for decreasing fish diversity. Total 19 Endangered fish species, 44 vulnerable 

species, 17 low risks near threatened and 4 low risks least concern fishes were recorded from 

the river Jaldhaka. So 70.5 % of fishes of this river under threatened and needs immediate 

conservation steps to protect them from extinction. However, the study helps to formulate the 

future policy for conservation and management of the fish diversity in the rive Jaldhaka. It is 

recommended that avoid illegal fishing, riverine natural habited should not be disturbed; 

poisons or pesticide should not apply in the river bank area and increasing public awareness 

to conserve ichthyofauna diversity in the River Jaldhaka. Today the fish diversity and 

associated habitats management is a great challenge (Dudgeon et al., 2006). Conservation 

measures to mitigate the impact of the pressures have largely been slow and inadequate and 

as a result many of the species are declining rapidly. 
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Abstract: 

Highly precise genome editing tools have transformed the era of genome editing 

enabling researchers to explore diverse possibilities of genome repair. Though CRISPR Cas 

systems as well as their various forms have immensely contributed to the field of genome 

editing as well as other allied fields of gene therapy, the power of the lesser-known bacterial 

retrons is gradually being brought to light. While decoding the mysteries of CRISPR, the 

promising potential of bacterial retrons was also being studied. The various possibilities of 

retron-based genome editing are reported in this chapter. 

Bacteria’s secret to powerful genome editing 

Precision-based genome editing tools have largely contributed to the creation of 

models for studying diseases as well as potential gene therapy strategies that can eradicate 

such complicated hereditary diseases (1). Among them, one of the most powerful, 

revolutionary, and eminent tools used by the microbial population to combat viral attacks was 

discovered in 2013. CRISPR (abbreviated as Clustered Regularly Interspaced Short 

Palindromic Repeats) are prokaryotic adaptive immune system first observed by Francisco 

Mojica working at the University of Alicante in Spain in 1993 (2). After almost twenty years, 

several labs harnessed this powerful tool to demonstrate successful gene editing in 

mammalian cells. In 2020, legendary scientists Jennifer Doudna and Emanuelle Charpentier 

were awarded the noble prize for their contributions to terms of the transformation of this 

prokaryotic defense system into a powerful genome-editing tool. Another powerful gene 

editor has been making significant statements in the world of genome editing (3). Scientists 

have been exploring potential ways to transform this complex and mysterious DNA-RNA-

protein system found in many bacteria that can edit genomes of single-celled organisms. Just 

like CRISPR, retron is also an inherent part of the microbes that protect them from viral 

attacks (4).  

Retrons are genetic components of bacteria that are mainly composed of non-coding 

RNA (ncRNA) and Reverse Transcriptase (RT) (5). The RT component was discovered by 

Baltimore and Mizutani in 1970 (6). The reverse transcriptase is a fundamental component 

present in various forms like retroelements, retrotransposons, and plasmids in various 

organisms. In 1980s several scientists were studying a soil bacterium and discovered short 
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ssDNA sequences attached to complementary RNA sequences. The reverse transcriptase was 

responsible for producing DNA from RNA molecules. This produced a chimera of DNA-

RNA and proteins. Retrons were originally discovered in Myxococcus xanthus in which short 

multicopy ssDNA (msDNA) was present in huge amounts and this msDNA were attached to 

RNA (7).  

Recent studies have proved that this bacterial phage defense related operon or 

bacterial retron can also be coupled with the CRISPR Cas9 systems to introduce ssDNA 

containing edit in bacterium and yeast (8).  Zhao et.al tested the ability of retrons to produce 

msDNA as a donor template. This donor template was further tested in selected cell lines for 

its ability to facilitate HDR by coupling guide RNA and msDNA. CRISPEY (Cas9-Retron 

precise Parallel Editing via homology (CRISPEY) makes use of retrons to produce donor 

DNA molecules. Specific retrons were designed that shared homology with yeast genes with 

a single base mutation. This specific retron was coupled with the molecular scissor (CRISPR 

Cas9). The Cas9 cut the DNA at the appropriate location followed by the repair machinery of 

the cell repairing the cut site. The DNA produced by the retrons’ reverse transcriptase 

replaced the yeast gene. Zhao et. al through his work demonstrated generating templates for 

repairing human DNA in cells like that yeast cells (9).  

In 2020, Millman et.al decoded the mystery of retron-based defense mechanism that 

helped Escherichia coli to fight against phage infection and the whole purpose of the bacteria 

maintain such systems in its cell machinery. The anti-phage defense system is made of three 

prominent components- ncRNA (the retron itself), reverse transcriptase, and a gene with 

ATPase domain. As shown in Figure 1, as soon as the phage releases Rec BCD inhibitors, 

this signal activates the retron that acts as the guardian of the cell. The guardian cell triggers 

the release of effector proteins that kills the cell to arrest the further spread of phage infection 

thus protecting the other parts of the cell. While the antiphage mechanism complex 

containing the three components is termed Eco8, the guardian of the cell is known as 

Ec48 (10). 

Typas et.al demonstrated similar kinds of defense systems in Salmonella bacterium 

through a preprint. The research group developed a Toxin Inhibition/Activation Conjugation 

(TIC/TAC) system by harnessing the Toxin-Antitoxin (TA) systems of the bacterial 

chromosome. The retron-TA system act as antiphage defense mechanism systems thus 

aborting consequent infections. The TIC/TAC systems effectively blocked as well as 

triggered phage infections in Salmonella typhimurium consequently activating their retron 

system (11). 
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Retrons have been considerably contributing to other allied areas of research like DNA 

origami, modification of genomes by recombination, and generation of 

aptamers (9). Moreover, a recent tool called the Retron Library Recombineering (RLR) was 

developed by researchers at Wyss Institute for Biologically Inspired Engineering at Harvard 

University and Harvard Medical School (HMS). Bacterial genomes were chopped and 

converted into small single-stranded DNA fragments that enabled the researchers to screen 

millions of sequences all at the same time using RLR. Such daunting experiments if performed 

with RLR eliminate chances of toxicity that otherwise could have been observed if CRISPR 

had been used thus RLR enables mutation study at the genome level (12). 

Retrons are one of the most promising and potential tools for genome engineering due 

to their ability to produce DNA intracellularly by reverse transcription. However, some 

avenues is yet to be explored in terms of the functionality and evolutionary origin of retrons. 

Retrons might unlock many key discoveries in the future ranging from high precision based 

gene editing to the generation of DNA based nanostructures that can be self-customized and 

programmed as per the necessities of the cell (5). 
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Abstract:  

The present study investigates fish diversity indices in Andhali dam near dahiwadi 

Village Man Tehsil Dist. Satara. The present study was observed 18 species of fish were found 

belonging 4 orders and 5families during Jan 2020 to Dec 2020. The fish was high number in 

winter season and low in Monsoon season. The diversity indices of fish show health status of 

water quality. The diversity indices are variablein all months. The cyprinidae species are 

dominated in study area. The Shannon diversity indices were indicates pollution status of 

water. 

Keywords: Fish, Season, water, pollution Diversity  

Introduction: 

Water covers 71% of the Earth's surface (CIA, 2008). The global water is distributed in 

the form of marine water, ground water and in glaciers, icecaps and small fraction in large 

water bodies. About 97.3 % of the earth’s crust water is found in seas and oceans, 0.6 % in 

ground water, 2.1 % in glaciers and polar ice caps. A very small fraction of water is found in 

other large water bodies and 0.001 % in the air as vapour, clouds and precipitation (Gleick, 

1993).   

The total amount of freshwater is 2.5 % and 98.8 % of that water is in ice caps of the 

polar regions of the earth and ground water. Less than 0.3 % of freshwater is present in the 

form of rivers, lakes, streams. But the greater quantity of freshwater is found in the interior of 

the earth (Gleick, 1998).Pisces are the most important group of vertebrates which shows an 

enormous diversity in shape, size, biology and habitat (Bobdey, 2014). Biodiversity is an 

important factor for the stability of an ecosystem (Shukla & Singh, 2013). India is one of the 

megadiversity countries in the world. There are 450 families of freshwater fishes globally, 

outof which 40 families are represented from India (Keshave et al., 2013). The fish diversity 

was studied by many workers to great extent that include (Ahmad et al 2008: Sarwade et al 

2010, Muruga 2012)   

Maharashtra is rich in freshwater reservoir fish diversity (Pawara et al., 2014). Fish 

diversity is decline rapidly each day due to interminable anthropogenic stress. This diversity is 

mailto:dedeanand@gmail.com


Frontiers in Life Science Volume V 

    (ISBN: 978-93-91768-54-6) 

39 
 

not only the riches of our world but it also has some serious suggestion on fishery. However, 

no detailed fish diversity has been available on Satara district. The Study of fish 

diversityindices is not study in Andhali dam. Thus there is an insistent need for proper 

investigation and documentation of the fish diversity. 

Material and Methods:  

Study area: 

The Andahli dam is located in near Dahiwadi, Man. Tehsil, Satara. It is situated in 

Latitude17°45'29.8"N and  74°29'23.3"E 

Collection of Sample: 

Water sample were collected from Andahli dam nearDahiwadi village every month during Jan 

2020 to Dec 2020 in the morning between 8 to 11 am. The fish was monthly collected in 

selected Station by different types of net size i.e. Gill nets, cast nets, trap nets, long line and 

hooks 

Biological analysis: 

a) Fish : 

  The fishes were collected by different types of nets and photography was taken 

immediately with the help of digital camera. The total number of fish species was counted and 

recorded immediately. Mostly the fishes were captured by gill nets (Size 40 feet, 10 feet 

breadth) and mesh size (5cm). Fishes were brought to the laboratory and preserved in 10% 

formalin in separate specimen jars according to size of fish. Identification of fish was done up 

to species level with the help of standard key, (Hamilton, 1822, Day 1958, Jayaram 1999, 

Jhingran 1974). The identification of fishes up to species level is also confirmed by ZSI, Pune. 

b) Statistical analysis of diversity indices: 

The analysis of diversity fishes was done by different diversity indices. Species diversity index 

is calculated by using formula of the Shannon-Wiener (1963).The Fish wassubjected to the 

analysisofdiversity using different Diversity indices. Species diversity index was calculated 

using the ShannonWiener. Species richness was calculated by Menhinick E.F (1964).Index of 

Dominance by Simpson E.H. (1949)and Evenness was calculated by using the Formula 

ofPielou EC. (1969)For Statistical analysis PAST Software is used. 

Results and Discussion:  

In the present study 18 species of fish were found belonging 4 orders and 5 families 

during Jan 2020 to Dec 2020 (Table. no. 1, Plate no. 1).  The maximum population of fish was 

found in Dec and minimum in July (Table no. 2).  In previous study Ahirrao et al., (2000) 

reported 32 fish species belonging to 25 genera, 8 families and 2 orders from freshwater of 

Parbhani District of Maharastra State. Bhalerao (2012) reported 15 fishspecies belonging to 3 

orders, 4 families and 12 genera in the Kasar Sai Dam. Ghube et al., (2013) reported 15 species 
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belonging to 11 families and 5 orders. The Cyprinidae family was dominant in present study 

area similar results obtained by (Negi et al., 2010). During the present study period the 

maximum fish population was found in winter season due to clear water and rich nutrients (fig. 

1). The high number of fish individual and species are recorded in December, October and 

November than other month’s similar result obtained by Mary (1970). 

Table 1: Order and family wise list of freshwater fish from study area  

Order Family Species 

Order: Cypriniformes Family–Cyprinidae 1. Cyprinus. carpio 

2.Catla catla 

3.Cirrhinus mrigala 

4. Labeo. calbasu 

5. Labeo rohita 

6. Labeo boggut 

7. Amblypharyngodon mola 

8. Puntius .sarana 

9. Puntius sophore 

10.Puntius ticto 

11. Salmostoma bacaila 

12. Garra mullya 

13.Osteobarma cotio cotio 

Order- Perciformes Family : Cichlidae 14. Oreochromis mossambicus 

Family: Channidae 15. Channa punctatus 

Order : Siluriformes Family : Bagridae 16. Sperat aaor 

17. Mystus bleekeri 

Order: Beloniformes Family: Belonidae 18. Xenentodon cancila 

 

The lowest fish number was reported in the month of July followed by June, similar 

results obtained by Galib et al., (2013), Dede (2016).The species dominance was high in Sept 

(0.801) and low in March (0.0517). The Shannon diversity index was high in Feb (2.912) and 

low in July (2.63). The Simpson diversity index was high in March (0.94) and low in Sept 

(0.91). The Species Evenness was high in March (0.916) and low in Aug (0.194). The 

Menhinick index was high in Sept (2.27) and low in Nov (1.52). The Margalef index was high 

in Feb (4.33) and Low in Nov (3.97). All diversity indices were shown in (fig. 2). According to 

Wilhm et al., (1968). Shannon index value ranged from less than 3 indicates clean water, 1 to 3 

indicates moderate water and lessthan 1.00 indicates heavily polluted water. We have observed 



Frontiers in Life Science Volume V 

    (ISBN: 978-93-91768-54-6) 

41 
 

the similar results in the present study period. Simpson diversity is one of a number of diversity 

indices, used to measure diversity. It takes in to description the quantity of species present as 

well as the relative abundance of each species. The Simpson index represent the probability 

that two randomly selected individuals in the habitation will belong to the similar species. In 

this form Simpson index ranges from 0 to 1 with 0 representing infinite diversity and 1 

represent no diversity. The Margalef index is used as indicator to compare the sites, generally 

show deviation depending on the species number (Vyas et al., 2012). This agrees with present 

study 

 

Table 2: Fish caught (in Numbers) from the Study area during January 2020 to 

December 2020 

 

Fish species  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Cyprinus. carpio 06 05 03 02 02 03 04 05 03 04 05 06 

Catla catla 04 03 01 02 04 02 01 03 04 03 02 05 

Cirrhinus mrigala 03 02 05 02 02 02 01 03 01 02 03 04 

Labeo. calbasu 04 03 05 05 04 02 04 07 03 06 08 03 

Labeo rohita 05 05 04 06 04 02 01 04 02 11 09 15 

Labeo boggut 09 06 02 08 07 08 00 03 04 08 05 12 

Amblypharyngodon mola 02 05 08 06 04 02 01 04 12 11 09 15 

Puntius .sarana 07 03 04 04 02 02 00 00 03 06 07 04 

Puntius sophore 08 02 03 07 01 01 02 02 05 02 05 04 

Puntius ticto 04 03 04 02 00 00 02 05 00 04 02 04 

Salmostoma bacaila 23 04 06 05 02 06 04 03 01 06 07 06 

Oreochromis mossambicus 04 10 05 15 10 10 05 08 04 20 15 10 

Osteobarma cotio cotio 04 04 06 05 02 06 04 03 01 6 07 06 

Garra mullya 05 04 06 05 02 06 0 4 03 01 06 07 06 

Sperat aaor 06 04 08 02 00 02 01 03 02 02 04 08 

Mystus bleekeri 04 06 03 03 05 03 05 06 01 04 05 04 

Xenentodon cancila 05 05 05 04 02 04 06 03 05 06 05 04 

Channa punctatus 05 04 06 05 02 06 04 03 01 06 07 06 

Total 108 78 84 88 55 67 45 68 53 113 112 122 
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Figure 1:  Seasonal variation and composition of fish in study area during 

Jan 2020- Dec 2020 

 

Figure 2: Monthwise fish diversity indices in study area during Jan 2020 to Dec 2020 

 

Conclusion: 

The present study reveals that seasonal variation of fish from Andhali Dam. The 

Shannon diversity index was indicates thatdam water moderately polluted. Environmental 

degradation has seriously affected the fish fauna. To management of fish diversity assumes top 

most importance under varying situations of habitat. Knowledge of obtainable resources and 

the biological characters of species serve the baseline information forfurther studies on 

resource conservation and maintenance. It is helpful for the researchers and fisherman’s to get 

idea about tolerance the diversity of fish found in the Andhali Dam. 
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Puntius sarana 

 

Channa punctata 

 

Oreochromis mossambicus 

 

Osteobrama cotio cotio 

 

Xenetodon cancila 

 

Sperata aor 

 

Chanda nama 

 

Puntius ticto 

 

Puntius sophore 

Plate 1: Fish species recorded from Study area during Jan 2020 to Dec 2020 
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Abstract: 

 In bird population, the biological clock is harmonized with the photoperiod as a major 

time cue. Every bird has cognitive skills to differentiate the long days from short days through 

the process that measures day length. However, information on feeding habit of Cattle Egret, 

Bubulcus ibis is very interesting to investigate their feeding techniques and strategies. Bubulcus 

ibis is commonly found to feed in a small group in various wetlands across the country and 

take part in an important function to control the population of the insects as well as other 

invertebrates on which they fed. Therefore, help the agriculture system. In current study we 

investigated the effect of ‘time of the day’ and ‘photoperiod’ on daytime feeding habit of 

Bubulcus ibis. The different feeding practices of Bubulcus ibis were recorded for two 

consecutive days each during long days (May and June 2020) and during short days (December 

2020 and January 2021). One-way ANOVA (using SPSS 16.0) was applied to find out the 

effects of ‘photoperiod’ and ‘time of the day’ on daytime feeding activity with respect to 

frequency of feeding techniques. The rhythms in daytime feeding habit were estimated using 

the Cosinor rhythmometry at 24 h and 12 h. The present study revealed that the Bubulcus ibis 

uesd three main feeding habit viz., slowly walking, probing and striking. Moreover, bird was 

more active during short day than the long day. The important role of Bubulcus ibis in 

environment is well known. Though, the rapid development and urbanization may produce 

threat to these avian fauna by damaging their natural habitats.  

Keywords: Wetland, Cattle Egret, feeding habit, short day, long day. 

Introduction: 

Feeding habit is the way of searching the food from the surroundings. Finding food is 

very essential activity which plays a vital function for the survival, fitness and reproduction 

(Danchin et al., 2008; Daniel, 2013). Habitat use, feeding techniques and time are the main 

important parameters for feeding activity. The quality and quantity of food material plays a 

major role in determining the distribution pattern of birds (Koul and Sahi, 2013). The feeding 

behavior involves all the strategies and techniques exhibited by the bird during searching and 
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taking of food within the foraging ground. It is an important activity which shows the ability of 

animals for their existence and reproduction (Danchin et al., 2008).  Photoperiod and day 

length affect the feeding habit of bird. The feeding was common in morning, afternoon and 

midnight while latent in noontime (Datta, 2014). In birds the bimodal activity operates during 

the harmonization of endogenous rhythm, which gets determined by every day alteration in 

natural factors, i.e., accessibility of food, temperature and day-night cycle (Jacquet and Launay, 

1997). Thus, light plays an important role in the biology of the avian system. In avifauna, the 

annual change in day length is the important environmental cue to synchronize feeding, 

migration and breeding activities within the regular seasonal transformation in natural state 

(Ramenofsky, 2012). Monthly variations in the diet of Cattle Egrets Bubulcus ibis coromandus 

in and around Chandigarh were analyzed by Sodhi (1989). There is also evidence to 

demonstrate that the feeding activity time of avifauna coincide with the activity timings of 

insects in insectivorous birds (Stelzer and Chittka, 2010). Cattle Egrets are predominately 

piscivorous birds but also eat crustaceans, amphibians, reptiles, other invertebrates, and small 

birds and mammals (Snow and Perrins 1998; Pistorius, 2008). Cattle Egret chooses mainly the 

wetland as feeding sites and generally feed on fish and other aquatic animals (Post et al., 2009). 

Birds use number of techniques for obtaining food. The feeding techniques used by the animal 

depend upon the type of food they consumed. The wetland avifauna mainly used three types of 

foraging techniques viz., tactile-hunting species technique, visual-feeding technique and pause-

travel species techniques (Norazlimi and Ramli (2015). Therefore, the present work was 

planned to analyze the effect of photoperiod on daytime feeding habit of Cattle Egret. 

Methodology: 

The present study was carried out in the shallow area of a village pond at Village - 

Kathakoni, District-Bilaspur, Chhattisgarh. The feeding habit of Bubulcus ibis was recorded 

with the help of video camera (Sony HXR-MC1500P). The Cattle Egret,   Bubulcus ibis is a 

long-legged wetland bird species belonging to the family Ardeidae under the order 

Ciconiiformes (Figure 1). The different feeding activity, such as, slowly walking, probing, and 

striking of Bubulcus ibis, were recorded for two consecutive days each during long days (May 

and June 2020) and during short days (December 2020 and January 2021).    
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Figure 1: Cattle Egret Bubulcus ibis (Boddaert, 1783) 

 

The recorded video was played in slow motion to find out the frequency of feeding 

techniques used by the birds during foraging activity every 10 minute. The data was placed 

over 48-h time scale at an interval of 1-h. Further, each hour was divided into six 10-minute 

bins and the activity of the birds was counted. To characterize the sum of the activities for the 

entire hour, integers between 1 and 7 were employed. The former digit specified no activity 

during the entire hour and the latter showed that the bird was vigorous at least once during all 

six 10-minute bins. The conversion of data was carried out following Thurman and 

Broghammer (2001). Data was stored in the MS Excel worksheet. One-way ANOVA (using 

SPSS 16.0) was applied to find out the effects of ‘photoperiod’ and ‘time of the day’ on 

daytime feeding activity with respect to frequency of feeding techniques. The rhythms in 

daytime feeding activity of the birds during long and short days were evaluated using the 

Cosinor rhythmometry at 24 h and 12 h (Gupta and Pati, 1992).  

Findings and Discussion: 

Feeding techniques utilized by Bubulcus ibis  

Feeding is the simple activity of collecting food material, either for immediate need or 

for future use. Various avifauna gather food by different techniques depending on their 

morphology which provides a species to take benefit of unique foods. In the present study a 

wetland bird species, Bubulcus ibis was selected to examine their feeding patterns.  Bubulcus 

ibis is generally found in a small group in all types of wetlands across the country (Santharam, 

2003; Roshnath, 2015). In the present study Bubulcus ibis used generally three foraging 

techniques i.e., slowly walking to follow or searching the prey, probing to examine the prey, 

and striking to hunt the prey. A total of 3478 feeding observations were made to analyze the 

feeding behavior of the Bubulcus ibis by means of recorded videos. The study revealed that the 

slowly walking (46.72%) was dominant feeding technique during the feeding movement 

followed by striking (41.25%) and probing (12.01%) (Figure 2). The comparison between long 
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and short day for feeding activity revealed that Bubulcus ibis predominantly used slowly 

walking feeding technique during the long day while probing and striking were highly used 

feeding techniques during the short day (Table-1). 

 

Table 1: Feeding activity (in number) of Bubulcus ibis during long and short day 

Feeding techniques Long Day Short Day Total % 

contribution 

Slowly walking 833 792 1625 46.72 

Probing 201 217 418 12.01 

Striking 712 723 1435 41.25 

Total (n) 1746 1732 3478  

 

 

Figure 2: Feeding techniques used by Bubulcus ibis during long and short day 

 

Modality pattern in daytime feeding behaviour of Ardeola grayii with reference to 

frequency of bird’s activity during long and short day   

The present study revealed that Bubulcus ibis shows bimodal pattern in daytime feeding 

behaviour with reference to frequency of feeding habit (slowly walking, probing and striking) 

during the long and short days. Further, the results revealed that the first peak occurred in the 

morning hours while the second peak in the evening hours during the long as well as short days 

for all the feeding activities (Figure 3 a, b & c).  
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Figure 3: Modality in daytime feeding activity rhythm during long and short days for (a) 

slowly walking, (b) probing and (c) striking of Bubulcus ibis 

 

Effect of ‘time of the day’ and ‘photoperiod’ on daytime feeding behaviour of Ardeola 

grayii with respect to frequency of feeding techniques during long and short days 

Results of one-way ANOVA showed that the factor ‘time of the day’ produced 

significant effect on daytime feeding activity of the Bubulcus ibis in respect of frequency of 

probing (F11,23 = 13.95, p<0.001) and striking (F11,23 = 43.54, p<0.001) during the short day. In 

case of long day, probing showed significant effect (F11,23 = 5.19 p<0.001) (Table 2).  

 

Table 2: Summary of one-way ANOVA: Effect of factor ‘time of the day’ (Td) on feeding 

activity frequency of Bubulcus ibis 

Variable Long day Short day 

df F p df F p 

Slowly walking 11, 23 3.21 NS 11, 23 0.26 NS 

Probing 11, 23 5.19 < 0.001 11, 23 13.95 < 0.001 

Striking 11, 23 1.43 NS 11, 23 43.54 < 0.001 

            Based on log-transformed data 

 

Duncan’s multiple-range test suggested that the frequency of slowly walking was 

higher between 16:00-17:00 h followed by 11:00-12:00 h during long days. However, 

frequency was low during remaining time points of the day. During short days, slowly walking 
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activity was significantly higher at 09:00-10:00 h and 11:00-12:00 h as compared from other 

time points of the day. In case of probing the frequency was higher between 11:00-12:00 h 

followed by 09:00-10:00 h during long days. However, the frequency was low during 

remaining time points of the day. During short days, the probing activity was significantly 

higher at 10:00-11:00 h and 08:00-09:00 h as compared to other time points of the day. In 

striking technique the frequency was maximum between 15:00-16:00 h followed by 11:00-

12:00 during long days. Further, frequency was low during remaining time points of the day. 

During short days, the number of striking activity was significantly higher at 10:00-11:00 h and 

08:00-09:00 h as compared to other time points of the day (Figure 4 a, b & c).    
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Figure 4: Daytime feeding activity in number in Bubulcus ibis as a function of 

photoperiod during long and short days (a-slowly walking, b-probing, c-striking) 

  

Rhythm in daytime feeding habit with reference to activity of Bubulcus ibis during long 

and short day 

 
 

Figure 5 Cosine-fitted curve based on harmonic mean of mesor, amplitude and acrophase 

obtained independently at fixed window (24 h and 12 h) depicting daytime feeding 

activity rhythm for Bubulcus ibis during long days (a) and short days (b) 
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Cosinor summary:  

A statically significant circadian rhythm (𝜏=24h) was validated in daytime feeding 

activity i.e., slowly walking, probing and striking of Bubulcus ibis during long and short day. 

However, ultradian rhythm (𝜏=12h) in daytime feeding activity was statistically insignificant 

during long and short day. The best-fitted cosine curves in daytime feeding activity, based on 

harmonic means, for all feeding techniques are illustrated in Figure-5 a & b during long and 

short day respectively.  

Conclusions:  

Although, the day time feeding habit with reference to activity and frequency of feeding 

techniques of Bubulcus ibis is distinguished the birds to be bimodal viz., morning and evening 

type during both of long and short days.  Furthermore, bird was more active during short day as 

compared to the long day. The Bubulcus ibis play a significant role in controlling the 

population of the insects and may invertebrates from agricultural fields. However, the faster 

urbanization and development leads the destruction the natural feeding habitats of wetland 

birds. Consequently, to maintain the occurrence of this significant bird some strong step should 

be taken by local management to make aware the population about the importance of bird 

species in water body ecosystem. 
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Abstract: 

The breeding behaviour and nesting activity is the one of most responsive bioindicator 

for the bird species which has a great impact on community, population and ecology. This 

study was carried out to explore the nest construction activity of Cattle Egret Bubulcus ibis in 

Pendra under the Gaurella-Pendra-Marwahi district of chhattisgarh state. The timing of nest 

building is one of the most important features which affect the reproductive or breeding 

activity of various bird species. The shelter or nesting trees, nesting phase, nest construction 

period and nest visitization rate of Bubulcus ibis were the main parameters of the current study. 

Both male and female bird involved in nest construction activity. The nest construction period 

by Bubulcus ibis was found in summer between late May and starting of June with average nest 

construction duration of 13 ± 1.83 days. The nest visitation rate by the adult Bubulcus ibis was 

increasing in ascending order during initial, middle and late stage in respect to complete the 

final nest structure. Hence, the study of nesting activity could be very essential for the 

conservation of this ecologically important wetland bird. 

Keywords: Bubulcus ibis, nesting, nesting trees, nest construction period, nest visitization  

Introduction: 

Construction of a nest, incubating and hatching the eggs, feeding and nurturing of the 

nestlings are all very essential and apprehensive job for the parent birds. The different wetland 

avifauna differs in their habitat choice, diet and behaviour but they have certain common basic 

necessities for nesting (Hafner, 2000). The avifauna builds their nests mostly to protect 

themselves, their eggs and especially their developing young ones from voracious animals and 

from unfavorable weather conditions during the nesting season. Thus, nest is a container in 

which eggs and young ones develop safely (Collias and Collias, 2014).  

A wide range of wetland avian fauna breeds during monsoon, when food resources are 

abundant (Ali, 2003; Balakrishnan and Thomas, 2004). Urfi (2011)  reported the relationship 

between monsoon season and the reproductive cycle of heronry birds which is driven by 
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rainfall to plankton cycle then to fish spawning and finally to bird reproduction. Ecological 

studies on herons have thrived in recent years because these species are good indicators of 

anthropogenic disturbances in wetland ecosystems (Kour and Sahi, 2013; Massa et al., 2014). 

Among ardeids, the Cattle Egret, Bubulcus ibis extended its distributional and breeding ranges 

from Africa to Europe, Asia, America and Australasia (Maddock and Geering, 1993; Parejo et 

al., 2001; Setbel, 2008). The Cattle Egret, Bubulcus ibis are mostly found near ponds, rivers, 

stream, tidal flats, flooded grassland, paddy fields, canals, ditches and breed in marshy 

wetlands area. There is no work reported on nesting behavior of Indian pond heron from 

Pendra, Chhattisgarh. Therefore, the present study was planned to explore nesting aspects of 

Bubulcus ibis a resident species at Pendra of Gaurella-Pendra-Marwahi district of Chhattisgarh.  

Research Methodology: 

The study was conducted in the breeding colonies in the residential area and road side of 

Pendra (81o95’E and 22o77’N; 592m above sea level), under Gurella-Pendra-Marwahi district 

of Chhattisgarh. Several field surveys were carried out for identifying nesting trees of Cattle 

Egret, Bubulcus ibis (Figure 1) within the human settlement area. The nest constructions and 

nest visitation study was done carefully during the months of nest construction period. 

 

Figure 1: Cattle Egret, Bubulcus ibis 

 

The nesting movement was observed in the morning continuously for three hours with 

the help of video camera. The nest visitation rate of breeding birds during nest construction 

period was also noted for three hours each day between 07:00 and 10:00 for 12 days. Video 

clippings were recorded in slow motion for a total period of 36 h (3 h/ day). Nest visitation rate 

was observed from the video replay for three different stages (i.e., initial stage, middle stage 

and final stage) of nest construction. Data was stored in the MS Excel worksheet and analyzed 

using ANOVA and Duncan’s multiple range tests to compare means among groups with the 

help of SPSS-10.  

 

Findings and Discussion: 
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Nesting Trees 

Birds are the eminent expert in respect to the building a nest which is an instinct 

parental care behaviour. In general nests are the shelters built to hold young ones. Parents birds 

give safe area where eggs are laid incubated and young are protected from predators. Nest 

comstruction is associated with the breeding season, suitable nesting sites, convenience of 

nesting materials, and accessibility of food and interaction of predators.  Cattle Egret, Bubulcus 

ibis construct nest on large trees or clumps. They used different types of tree species for nest 

building often rising in the middle of noisy city or rural areas and were not necessarily close to 

water. In Pendra during the commencement of breeding season (between May to June), 

Bubulcus ibis significantly used ten plant species as shelter for nest construction viz., 

Azadirachta indica (Neem), Mangifera indica (Mango), Acacia catechu (Khair), 

Dendrocalamus strictus (Bamboo), Ficus religiosa (Peepal), Casia fistula (Amaltash), 

Pithecellobium dulce (Ganga Emili), Aegle marmelos (Bel),  Pongamia pinnata (Karanja) and 

Vachellia nilotica (Babool). The result evidently indicated that at Pendra Bubulcus ibis used 

Azadirachta indica (19.93%) more frequently as nesting tree while Aegle marmelos was used 

least (4.65 %) for nest construction (Table 1 and Figure 2).  

 

Table 1: Nesting trees and nesting frequency of Bubulcus ibis  located at Pendra under 

Gurella-Pendra-Marwahi district of Chhattisgarh, India 

Sr. 

No. 

Tree species 

 

No. of 

nesting 

tree 

Nest per year Ave. 

 
Nest % 

 Common name Scientific name 2019 2020 

1 Neem Azadirachta indica 19 28 32 30 19.93 

2 Mango Mangifera indica 22 15 21 18 11.96 

3 Khair Acacia catechu 11 7 5 6 9.98 

4 Bamboo Dendrocalamus strictus 25 11 15 13 8.63 

5 Peepal Ficus religiosa 14 22 18 20 13.28 

6 Amaltash Casia fistula 28 18 19 18.5 12.29 

7 Ganga Emli Pithecellobium dulce 12 7 11 9 5.98 

8 Bel Aegle marmelos 9 8 6 7 4.65 

9 Karanja Pongamia pinnata 23 14 12 13 8.63 

10 Babool  29 15 17 16 10.63 

   192 145 156 150.5 301 
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Figure 2: Nesting percentage of various trees by Indian pond heron, Bubulcus ibis at 

Pendra under Gurella-Pendra-Marwahi district of Chhattisgarh, India 

 Nest construction period 

Nest-construction time was observed for two consecutive months, viz., (27 May – 03 

June 2021) and (30 May – 04 June 2021), from the beginning of the nest construction until 

completion of nest (Figures 3a & b). The average duration for nest construction by these birds 

was 13 ± 1.83 days (Table 2). The nest construction period was recorded to be between late 

May and starting of June. 

 

Table 2: Nest construction period of Bubulcus ibis during two different years at Pendra, 

Chhattisgarh 

 

Nest visitation rate 

The result of one-way ANOVA illustrated that the nest visitation rate of Bubulcus ibis 

shows a significant effect on different stages (initial, middle and final) during the nest building 

tenure (F2, 11 = 0.64, p > 0.001). (Figure 4 & 5). The day wise activity during the nest 

construction period clearly signified that nest visitation rate/ hour progressively increased on 

2nd, 4th, 5th,9th 10th and 13thth day of nest construction in order to complete the nest for egg 

laying. 

19.93%

11.96%

9.98%

8.63%
13.28%

12.29%

5.98%

4.65%

8.63%

10.63%

Nesting Trees

Azadirachta indica

Mangifera indica

Acacia catechu

Dendrocalamus strictus

Ficus religiosa

Casia fistula

Pithecellobium dulce

Aegle marmelos

Pongamia pinnata

Vachellia nilotica

Number 

of nest 

observed 

Month Number of 

Days 

Average nest 

construction 

period (day) 

Commencement Cessation 

3 27 May 2021 03 June 2021 14 13 ± 1.83 

 3 30 May 2021 04 June2021 12 
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Figure 3: Nest of Bubulcus ibis at Pendra Chhattisgarh (a) the first day of commencement 

of nest (b) the last day nest construction 

 

Figure 4: Nest visitation rate (visits/ h) of adult Bubulcus ibis during nest construction 

period (initial, middle and final stages). ANOVA summary: F2, 11 = 0.64, p > 0.001. Means 

every stage of nest construction were significant at p <0.001 (based on Duncan’s multiple-

range test) 

 

Figure 5: Nest visitation rate (visits/ h) of adult Bubulcus ibis during nest construction 

days at Pendra, Chhattisgarh 

b a 
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Conclusion: 

Although, the current study shown that Bubulcus ibis at Pendra selected large tree for 

nest preparation. Nest visitation rate was increasing in all three stages i.e., Initial, middle and 

final stages of nest construction period. Bubulcus ibis is a significant biological part of the 

ecosystem and facilitate to control the insect in the agricultural fields. In Pendra area this 

species is illegally hunted for food by the local population particularly during the monsoon 

thus, threatening the survival of the species. The study of nesting activity could be very 

essential for conservation of Bubulcus ibis. Public awareness in the area is required to protect 

the shelter nesting trees, water bodies and the wetland avifauna. 
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 Abstract: 

The risk of cardiovascular disease have been widely increasing among Rheumatoid 

Arthritic (RA) patients which need to be given more attention nowadays, as the mortality rate 

due to CVD is increasing  during arthritis. The study evaluated the hypolipidemic role of 

betulinic acid (BA) and fluvastatin (FLU) in arthritic rats. Type II collagen emulsified with an 

equal volume of incomplete Freund’s adjuvant was used for arthritic induction and the 

experimental duration was about 60 days. HMG CoA reductase, total tissue lipids and 

lipogenic enzyme activities were found to be amplified in arthritic group whereas they were 

significantly decreased upon the intake of   BA and FLU together than the groups treated alone. 

Significantly increased level of High density lipoprotein- Cholesterol and lecithin cholesteryl 

acyl transferase enzyme activity were seen in treated rats. It was also found to be a potential 

enhancer of the expressions of ABCA1, Apo A-1, JAK2, STAT3, PON- 1 and PPAR-α 

whereas it downregulated Interleukin-6, sphingosine kinase, Apo B expressions. Aortic 

histopathology and Sudan staining also supported these results. This study provides a novel 

approach into the probable mechanisms underlying the anti-atherogenic role of these drugs 

mediated by apoA-I/ABCA1 through JAK/ STAT and also spingosine kinase signaling 

dependent manner. 

Keywords: ABCA1, liver X receptors, collagen, atherogenic effect, cardiovascular mortality 

Introduction:   

Inflammation acts as a connection link between two multifaceted diseases such as 

rheumatoid arthritis and atherosclerosis. It implies rheumatoid arthritis leads to cardiovascular 

risk due to the generation of free radicals, cytokines which inturn causes disturbed lipoprotein 

metabolism. The major cause of atherogenesis that leads to plaque formation in the arterial wall 

is LDL-C [1]. Reverse cholesterol transport (RCT) is a major approach for anti-atherogenic 

effect [2]. ATP-binding cassette transporter (ABCA1) and Apo A1 are the two important 

factors that play a central role in the efflux of cholesterol and are the major components of 
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reverse cholesterol [3, 4]. Studies have also reported the effect of ABCA1 receptor on JAK and 

STAT in different experimental models [5, 6].  

The transcriptional factor involved in lipid metabolism is peroxisome proliferator 

activated receptor alpha (PPAR-α) controls ABCA1 expression when the concentration of 

LDL-C increases, also oxLDL itself can activate PPAR- α [7]. In the artery wall when the 

cholesterol level increases, PPAR-α initiates the production of the transporters ABCA1 and 

ABCG1 [8]. Sphingosine kinase (SphK) signaling plays an important role in the prevention of 

atherosclerosis by the synthesis of sphingosine-1 phosphate [9]. Paraoxonase 1 (PON1) 

protects against lipid oxidation that interacts with HDL through Apo A-1 interaction which 

counts for the antioxidant property of HDL-C [10]. Thus, reverse cholesterol transport 

mechanism and sphingolipid signaling offers a new vision for studying the anti-atherogenic 

mechanism.  

Betulinic acid (BA) is a triterpenoid exhibiting many pharmacological properties [11, 

12]. Fluvastatin (FLU) is a statin drug used for reducing the cholesterol levels in 

hypercholesterolemic patients [13, 14]. Previous studies done in our lab showed that the drug 

combination acted as an effective anti-inflammatory agent which was elicited through TLR- 

NF-kappa B pathway [15, 16]. The present work aims to explore hypolipidemic role of BA and 

FLU as a combination therapy to reduce the atherosclerotic plaque formation in arthritic rats. 

Methods: 

1. Experimental models 

Sprague-Dawley strain of female albino rats weighing 150-200g were chosen for the 

study. They were breed and reared in the biochemistry department animal house. Hindustan 

Lever Lab diet (Laboratory chow) and water ad libitum were provided throughout the 

experimental period. They were housed in polypropylene cages in the department animal 

house. The rats were maintained at a temperature of 26 ±10C and a 12 hr light and dark cycle.  

Institutional animal ethics committee [IAEC- KU- 16/2013- 14- BC- AH (25)].  

2. Chemicals 

All the reagents used for the study were purchased from the standard companies such as 

Spectro Chem, Sigma - Aldrich Chemicals, Novartis Pharma (Basel, Switzerland), Merck and 

Eppendorf.  

3. Experimental protocol 

Type II collagen (CII) was used for arthritic induction, on day 0 and gave the booster 

dose on day 7. The treatment started on day 14 to day 60 and the drugs were given orally by 

dissolving it in 1% normal saline. The dose of these drugs were chosen as 2mg and 5mg /kg 

bwt respectively [14, 17]. On day 60, the tissues and blood were isolated for further 

evaluations. 
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Rats were classified into 5 groups which consisted of 6 rats each: 

Group I- Control rats 

Group II- Arthritic rats (CIA) 

Group III- Rats induced with collagen + Betulinic acid (2mg/ kg bwt) 

Group IV- Rats induced with collagen + Fluvastatin (5mg/ kg bwt) 

Group V- Rats induced with collagen + Betulinic acid (1mg/ kg bwt) + Fluvastatin (2.5mg/ kg 

bwt). 

4. Biochemical estimations  

Immunoturbidimetric kit method was used for estimation of CRP. Liver and aorta were 

homogenized in using the solvents chloroform and methanol for estimation of total tissue lipids 

[18]. Protein estimation was done by Folin –Lowrys method [19]. In the liver, HMG CoA 

Reductase enzyme activity was measured [20]. Plasma LCAT was determined by 

Schoenheimer, [21]. Lipogenic enzymes were estimated in the liver [22, 23]. 

5. Protein expression analysis using ELISA 

Lysis buffer was used for tissue homogenization. ELISA plates were coated with 

lysates that served as the antigen. Incubated for 24 hrs at 370C. The primary antibodies were 

added to the wells (100μL), incubated for 1hr at room temperature. HRP conjugated anti rabbit 

IgG was used as the secondary antibody. Followed by washing with PBS-Tween 20 and PBS. 

The wells were then treated with the substrate solution containing O-dianisidine in methanol 

and citrate –phosphate buffer and Hydrogen peroxide. Incubated for 30 minutes and the 

reaction was stopped by the addition of 5N HCl. The optical densities were read at 405 nm 

using microplate reader.  

6. RT-PCR analysis 

 TRI reagent was used for RNA isolation. Using Eppendorf mastercycler cDNA 

synthesis was performed. PCR products were electrophoresed on agarose gel and marked with 

ethidium bromide. Gel Documenter was used for quantifying the bands against the internal 

standard. 

Primer sequences 

ABCA1 -   5’-GGGTGGAGGACAGAATGCAT-3′ 

                   5’-CCCAGTTTTCGAATTGCCC-3′ 

ApoA1 -  5’-GAAATGGAAAGAGGATGTGGAG-3′ 

                5’-GTTCAAGGTAGGGTTGCTCTTG-3′ 

ApoB  -  5’-TAGAGGATCCCTGAGCAGGCTTCCTCAGCAG-3′ 

               5’-TTTAAAGCTTCAATGATTCTATCAATAATCTG-3′ 

PON1 -  5′-TGCTGGCTCACAAGATTCA C-3′ 

 5′-TTCCTTTGTACACAGCAGCG- 3′ 
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PPAR-α- 5′-CGACAAGTGTGATCGAAGCTGCAG-3′ 

    5′-GTTGAAGTTCTTCAGGTAGGCTC-3′  

SphK -             5′-AGCCACCTTCAAGGAGTGAC-3′ 

                 5′CAGTCTGCTGGTTGCATA-3′ 

GAPDH -       5′-GGAGTCAACGGATTTGGTCGTAT-3′  

                        5′AGGTCAGGTCCACCACTGAC-3′ 

7. Sudan IV staining of aorta 

Aortic tissue was stained using 1% Sudan IV solution in 70% isopropyl alcohol. Fat 

depositions in the aorta showed a bright red colour. 

8. Statistical analysis 

SPSS/PC+, 17.0 version was used for result analysis including One way ANOVA and 

Duncan's tests for comparing the groups. 

Results:  

1. Estimation of concentration of tissue lipids 

As shown in Table 1 and 2, increased tissue lipid concentration was observed in the 

aorta and liver of arthritic rats. Drugs (BA and FLU) treated together showed decreased 

concentration of tissue lipids than the groups fed with individual drugs.  

2. Lipogenic enzymes activity 

Significant increase in the lipogenic enzymes were seen in the liver tissue of arthritic 

rats. Combination therapy reduced the enzyme activities than the groups administered with 

individual drugs when compared to arthritis rats as shown in Table 3. 

3. Liver HMG CoA reductase activity 

HMG CoA to mevalonate ratio was taken as indicator of enzyme activity. Lower value 

indicates higher enzyme activity.  Activity of the enzyme in the liver was found to be increased 

in arthritic rats in comparison to the normal ones. Combination therapy showed considerable 

decrease in HMG CoA activity than the drugs administered alone as shown in Fig 1.  

4. Plasma LCAT activity 

LCAT enzyme in plasma was decreased in arthritic rats than in normal ones. Increased 

LCAT activity was noted in combination therapy than individual drug given groups in 

comparison to the arthritic rats (Figure 2). 

5. ABCA1 and Apo A1 expression in the liver  

To evaluate the role of ABCA1 and Apo A1 in RCT pathway RT-PCR and ELISA were 

employed. Expression of ABCA1 and Apo A1 were seem to be down regulated in arthritic rats 

whereas up regulated in combination therapy confirms that the excess cholesterol in the arterial 

wall is transported by ABCA1 and Apo A1 conferring the protective role in cardiovascular 

diseases than the drugs given alone (Figure 2 and 3). 
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6. Apo B expression in the liver  

The gene expression of Apo B was found to be up regulated in arthritic rats in 

comparison to control group whereas intake of both the drugs together down regulated Apo B 

expression in the liver which indicates the reduced level of LDL-C in the tissues (Figure 4). 

7. JAK2/STAT3 expression in the aorta 

To examine the role of BA and FLU on JAK2/STAT3 signal transduction, ELISA 

technique was employed. Combination therapy activated JAK-2 mediated phosphorylation of 

STAT-3 that suppressed the synthesis of inflammatory cytokines as shown in Figure 5. 

8. Interleukin-6 expression 

Up regulated expression of Interleukin-6 was observed in arthritic group in comparison 

to the control group whereas combination therapy down regulated Interleukin-6 expression via 

JAK/STAT signaling pathway as shown in Figure 6. 

9. PPAR-α and PON1 expression in the liver  

Increased expression of PPAR-α was observed in combination therapy suggests that PPAR-

α induces the expression of the receptor that promotes the transcription of ABCA1 thereby 

upregulating cholesterol efflux mediated by HDL-C whereas the expression of this gene was 

downregulated in the arthritic rats (Figure 7). 

10. Inhibition of atherosclerotic plaque formation 

Type IV Sudan was used for staining of the aorta to determine atherosclerotic plaque 

formation. Atherosclerotic lesion was markedly increased in CIA group which was alleviated by 

combination therapy of both the drugs used simultaneously (Figure 8). 

Discussion: 

Management of increasing lipid levels during rheumatoid arthritis is a part of handling 

cardiovascular diseases. So our aim is to address and define a promising therapeutic option for 

preventing cardiovascular complications during arthritis by studying the molecular mechanism 

involved in reverse cholesterol transport. Our studies showed significantly increased gene 

expression of ABCA1 in the liver of rats co-administered with betulinic acid and fluvastatin 

may be due to the increased synthesis of mature HDL. Also increased levels of Apo A1 was 

observed in the treated group which added to the beneficial role of HDL-C. Earlier report of 

Gerald and Daphne, 2012 stated that LDL-C contributed to atherosclerotic plaque formation 

[24]. Our results also showed that concentration of Apo B, the only protein component of LDL 

cholesterol is upregulated in CIA group whereas treatment significantly decreased Apo B 

expression which may inhibit the progression of atherosclerosis. Combination therapy also 

significantly increased JAK-2 mediated phosphorylation of STAT-3, so our findings revealed 

that apoA-1/ABCA1 interaction activated the JAK2/STAT3 pathway which causes the 

production of cytokines. 
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Peroxisome proliferator-activated receptor α (PPAR-α) is supposed to possess anti-

inflammatory effects and prevent the occurrence of CVD [25].  So we evaluated the ability of 

PPAR-α in modulating ABCA1 expression in the liver. Upregulation of PPARα expression was 

observed during the administration of combination therapy indicates increased transcription of 

ABCA1 gene that may help in reverse cholesterol transport mechanism reducing the risk 

caused by cardiovascular disease. Paraoxonase (PON1) have antioxidant function and is 

associated with high-density lipoprotein particles. In agreement to the above reports, 

administration of BA and FLU significantly increased the expression of PON1, which accounts 

for the increased antioxidant potential of HDL upon treatment and thus PON1 acts as an 

important endogenous antioxidant enzyme by scavenging free radicals. 

Spingosine signaling pathway plays a pivotal role in defending against the progression 

of cardiovascular diseases. Reports suggested that this pathway causes the increased expression 

of adhesion molecules due to the generation of cytokines and this condition can be reversed by 

high density lipoproteins (HDL) [26, 27]. Spingosine kinase is a key enzyme in sphingosine 

kinase signal transduction and the product released is sphingosine 1- phosphate [28]. Increased 

activity of Spingosine enzyme was observed in arthritic rats while drugs administered 

altogether in group V showed marked reduction in spingosine kinase enzyme activity. This 

implies that this pathway offers a protective effect against the cytokines released during 

inflammation. 

Increased concentrations of triglycerides favours cholesterol transport from HDL to 

very-low density lipoprotein thereby reducing the level of HDL-Cholesterol [29]. In arthritic 

rats, the concentration of tissue lipids were increased which indicated the atherogenic effect 

produced during arthritis which resulted in plaque formation. Excess Fatty acids are converted 

to triglyceride and transported to the blood as VLDL.  Combination therapy using BA and FLU 

also lowered the tissue lipid concentrations of aorta and liver in the arthritic rats. These studies 

revealed the cardioprotective role of combination therapy in arthritic rats.   

LCAT catalyzed trans esterification process of free cholesterol received by emerging 

HDL- apoA1 (mature HDL formation), thereby causing cholesterol efflux from the tissues and 

transfers to the liver for the consequent production of bile acids [30, 31]. Reports indicated 

LCAT had a major role in reverse cholesterol transport mechanism [32, 33].  In agreement to 

the above reports, LCAT enzyme activity significantly increased in combination therapy which 

indicates increased cholesterol esterification. HMG CoA reductase is an enzyme involved in 

the biosynthesis of cholesterol in the liver [34]. In our studies, administration of both BA and 

FLU resulted in a lessened activity of HMG CoA reductase which indicated decreased 

cholesterogenesis. 
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Glucose 6- phosphate dehydrogenase generates NADPH essential for fatty acid 

synthesis [35]. Activity of the lipogenic enzyme Glucose-6-phophate Dehydrogenase in the 

liver was increased significantly in collagen induced arthritis indicates increased triglyceride 

synthesis that induces cholesterol transfer from HDL to VLDL or LDL thereby lessen the 

HDL-C levels. While inclusion of combination of BA and FLU in arthritic rats resulted in the 

decreased activity of lipogenic enzyme in the liver indicates the decreased synthesis of 

triacylglycerol. Malic enzyme is also a further NADPH-generating enzyme that favours de 

novo fatty acid production [36]. The enzyme activities of G6PD, malic enzyme, isocitrate 

dehydrogenase were increased in arthritic rats whereas combined effect of these drugs 

markedly reduced the enzyme activities. Sudan IV staining of thoracic aorta showed the area of 

atherosclerotic plaque reduced significantly followed by noticeable lessening of intimal 

thickening in the treated group which was observed by which more firmly confirms our result.  

Conclusion: 

Here the study focus on the role of these drugs in anti-atherogenic effect mainly 

concentrating on ABCA1/ Apo A interaction and spingosine kinase signaling pathway which 

altogether contributes to the protective action of BA and FLU against atherosclerotic plaque 

developed during collagen induced arthritis.  
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Table and footnotes 

Table 1: Concentration of cholesterol, free fatty acid, triglycerides and phospholipids in the 

aorta 

Aorta 

(mg/100g 

tissue) 

Normal CIA CIA+ BA CIA+FLU CIA+BA+FLU 

Cholesterol  187.24 ±  

17.95 

623.40 ±  

59.67a 

285.95 ±  27.42 

a,b 

309.69 ±29.71 

a,b  

236.87 ±  22.77 

a,b,c 

Free fatty 

acid  

245.10 ±  

23.5 

698.21 ±  

66.97a 

422.88 ±  29.14 

a,b 

485.44± 46.56 

a,b 

388.55 ±  37.26 

a,b,c 

Triglyceride

s   

203.41±   

19.51   

704.30 ±  

67.57a 

380.5 ±  36.49 

a,b  

492.99 ±  47.2 

a,b 

272.85 ±  26.17 

a,b,c 

Phospholipi

ds  

1657.27  ± 

158.98 

6130.52 ±  

60.48a 

3417.36  ± 

327.95 a,b  

4590.39  ± 

440.39 a,b 

3009.50 ±  

288.72 a,b,c 

Group I- Normal, Group II- CIA, Group III- CIA+ BA, Group IV- CIA+ FLU, Group V- CIA+ BA 

+ FLU. Values are expressed as average of 6 values ± SEM in each group, a- Statistical difference 

with group I at P <0.05, b- Statistical difference with group II at P <0.05 and c- Statistical 

difference with group III and group IV at P <0.05. 
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Table 2: Concentration of cholesterol, free fatty acid, triglycerides and phospholipids in the 

liver 

Liver 

(mg/100g 

tissue) 

Normal CIA CIA+ BA CIA+FLU CIA+BA+FLU 

Cholesterol  318.87 ±  

30.59 

635.92 ±  

60.98a 

484.04 ±  

46.43 a,b  

521.67 ±  

50.04 a,b 

434.95 ±  41.71 

a,b,c 

Free fatty 

acid  

247.94 ±  

23.77 

1217.54±   

116.81a 

953.90 ±  

91.48 a,b 

1034.59 ±  

76.36 a,b 

782 ±  75.02 a,b,c 

Triglyceride

s  

488.97 ±  

46.97 

1869.56 ±  

179.22a 

1267.10 ± 

121.55 a,b 

1514.19 ± 

145.26 a,b 

785.15 ±  75.31 

a,b,c 

Phospholipi

ds  

1950.44 ±  

185.21 

5119.84±   

491.98a 

2747.90±  

263.62 a,b 

3102.29 

±297.6 a,b  

2429.91 ±  

232.40 a,b,c 

Group I- Normal, Group II- CIA, Group III- CIA+ BA, Group IV- CIA+ FLU, Group V- CIA+ BA 

+ FLU. Values are expressed as average of 6 values ± SEM in each group, a- Statistical difference 

with group I at P <0.05, b- Statistical difference with group II at P <0.05 and c- Statistical 

difference with group III and group IV at P <0.05. 

 

Table 3: Activity of lipogenic enzymes in the liver tissue 

LIVER 

(Units/

mg 

tissue) 

Normal CIA CIA+ BA CIA+FLU CIA+BA+FLU 

G6PD  116.45±  

11.03 

379.89±  

36.44a 

216.83 ± 

20.7 a,b 

260.33 ± 

24.97a,b 

135.99 ± 13.04 

a,b,c 

MALA

TE  

1.68 ± 0.16 28.29 ± 

2.65a 

7.54 ± 0.73 

a,b 

9.07 ± 0.77a,b 5.49 ± 0.47 a,b,c 

ICD  3.9 ± 0.37 10.53±  

1.01a 

5.94 ± 

0.56a,b 

7.17 ± 0.69 

a,b 

4.79 ± 0.46 a,b,c 

Group I- Normal, Group II- CIA, Group III- CIA+ BA, Group IV- CIA+ FLU, Group V- CIA+ BA 

+ FLU. Values are expressed as average of 6 values ± SEM in each group, a- Statistical difference 

with group I at P <0.05, b- Statistical difference with group II at P <0.05 and c- Statistical 

difference with group III and group IV at P <0.05. G6PD- Glucose 6- phosphate dehydrogenase, 

ICD- isocitrate dehydrogenase.  
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Figures and figure legends 

Fig 1. Activity of HMG CoA reductase in the liver 

 

The ratio of HMG CoA to mevalonate was taken as the index of Enzyme activity. The lower the 

ratio, higher is the enzyme activity. Group I- Normal, Group II- CIA, Group III- CIA+ BA, Group 

IV- CIA+ FLU, Group V- CIA+ BA + FLU. Values are expressed as average of 6 values ± SEM in 

each group, a- Statistical difference with group I at P <0.05, b- Statistical difference with group II 

at P <0.05 and c- Statistical difference with group III and group IV at P <0.05. 

 

Fig 2. Activity of Lecithin cholesterol acyltransferase (LCAT) in the plasma 

 

Group I- Normal, Group II- CIA, Group III- CIA+ BA, Group IV- CIA+ FLU, Group V- CIA+ BA 

+ FLU. Values are expressed as average of 6 values ± SEM in each group, a- Statistical difference 

with group I at P <0.05, b- Statistical difference with group II at P <0.05 and c- Statistical 

difference with group III and group IV at P <0.05. 
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Fig 3. Effect of BA and FLU on ABCA1 upregulation in the liver 

GAPDH

ABCA1

A. B.

C.

 

A) The level of activation of ABCA1in the mRNA level was estimated by Reverse transcriptase‐PCR 

analysis. B) The relative amount of mRNA was estimated by semi quantitative RT- PCR. The PCR 

products were quantified by densitometry and standardized to their respective GAPDH controls. The 

intensity was measured and expressed as Arbitrary Units. C) The upregulation of ABCA1 protein by the 

treatment group was assayed by ELISA in the aortic tissue. Group I- Normal, Group II- CIA, Group III- 

CIA+ BA, Group IV- CIA+ FLU, Group V- CIA+ BA + FLU. Values are expressed as average of 6 

values ± SEM in each group, a- Statistical difference with group I at P <0.05, b- Statistical difference 

with group II at P <0.05 and c- Statistical difference with group III and group IV at P <0.05. 

Fig 4. Effect of BA and FLU on the expression of Apo A1, Apo B and PPAR-α in the liver 

 

A) RT-PCR analysis was done to estimate the mRNA expression: The relative amount of B) Apo A1 

C) Apo B and D) PPAR-α mRNA was estimated by semi quantitative RT- PCR. The PCR products 

were quantified by densitometry and standardized to their respective GAPDH controls. The 

intensity was measured and expressed as Arbitrary Units. Group I- Normal, Group II- CIA, Group 

III- CIA+ BA, Group IV- CIA+ FLU, Group V- CIA+ BA + FLU. Values are expressed as average 

of 6 values ± SEM in each group, a- Statistical difference with group I at P <0.05, b- Statistical 

difference with group II at P <0.05 and c- Statistical difference with group III and group IV at P 

<0.05. 
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Fig 5. Effect of BA and FLU on the expression of Janus kinase- 2 and signal transducer 

and activator of transcription-3 

  

Group I- Normal, Group II- CIA, Group III- CIA+ BA, Group IV- CIA+ FLU, Group V- CIA+ 

BA + FLU. Values are expressed as average of 6 values ± SEM in each group, a- Statistical 

difference with group I at P <0.05, b- Statistical difference with group II at P <0.05 and c- 

Statistical difference with group III and group IV at P <0.05. 

 

Fig 6. Effect of BA and FLU on the expression of proinflammatory cytokine IL-6 

IL-6 

GAPDH 

 

The relative amount of IL-6 mRNA was estimated by semi quantitative RT- PCR. The PCR 

products were quantified by densitometry and standardized to their respective GAPDH 

controls. The intensity was measured and expressed as arbitrary units. Group I- Normal, Group 

II- CIA, Group III- CIA+ BA, Group IV- CIA+ FLU, Group V- CIA+ BA + FLU. Values are 

expressed as average of 6 values ± SEM in each group, a- Statistical difference with group I at 

P <0.05, b- Statistical difference with group II at P <0.05 and c- Statistical difference with 

group III and group IV at P <0.05. 
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Fig 7. Administration of Betulinic acid and fluvastatin activated the expression of SphK 

and PON1 in the liver 

 

A) Reverse transcriptase‐PCR analysis: SphK and PON1 expression in the mRNA level was 

estimated by Reverse transcriptase‐PCR analysis. The relative amount of B) SphK and C) 

PON1 mRNA was estimated by semi quantitative RT- PCR. The PCR products were quantified 

by densitometry and standardized to their respective GAPDH controls. The intensity was 

measured and expressed as arbitrary units. Group I- Normal, Group II- CIA, Group III- CIA+ 

BA, Group IV- CIA+ FLU, Group V- CIA+ BA + FLU. Values are expressed as average of 6 

values ± SEM in each group, a- Statistical difference with group I at P <0.05, b- Statistical 

difference with group II at P <0.05 and c- Statistical difference with group III and group IV at 

P <0.05. 

 

Fig 8. Evaluation of atherosclerotic plaque in aorta 

 

The combined effect of betulinic acid and fluvastatin on atherosclerotic progression , the aorta 

from root to iliac bifurcation was dissected free, fixed overnight, spread and stained with Sudan 

IV. The enface preparation of aortas from Group I- Normal, Group II- CIA, Group III- CIA+ BA, 

Group IV- CIA+ FLU, Group V- CIA+ BA + FLU are given here. 
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Abstract: 

Snake bite is an important medical emergency and cause of hospital admission in many 

parts of the world. Despite its importance, there have been fewer proper studies of snake bite 

than any other diseases. It is mandatory to know classification of snakes for the proper 

management. Treatment options can be categorized into 3 phases such as 1) First aid measures, 

2) Hospital measures and 3) Anti snake venom. Knowledge about anti-snake venom (ASV) is a 

key factor in determining the patient safety.  

Keywords: Snake bite, Classification, Diagnosis, First aid measures, Anti-snake Venom 

Introduction: 

“Ophiology”- The branch of zoology that deals with snakes and “Ophiophilist”-A 

person who loves snakes have fascinated man since time immemorial.However, common 

people do not know much about snakes, they are misunderstood and feared. Majority of the 

snakes are harmless, except for four species that account for thousands of deaths annually. 

Snakes can be as small as just a few centimeters, but can grow up to 10 meters in length. 

Snakes can live in a wide variety of habitats, which range from scorching hot deserts, humid 

tropical forests, freezing Himalayan climes, and even the deepest oceans. Moreover, snakes 

have a variety of fascinating skin colorations. Historical records indicate that as far back as 326 

BC, when Alexander the Great invaded India, he was very impressed by the adeptness of the 

Indian physicians in treating snakebite patients. Since then, India has been known for its 

notoriety for venomous snakes and the mortality and morbidity caused by their bites.Most 

snakes have four rows of teeth in the upper jaw, and two rows of teeth in the lower jaw. Two of 

the upper rows are situated along the margins of the jaw, while the remaining two are located 

on the palate near the middle of the roof of the mouth (palate teeth).The lower rows are located 

along the margins of the lower jaw. Venomous snakes have modified teeth called fangs in 

addition to ordinary teeth. Fangs are usually two in number, invariably located one on each side 

of the upper jaw. They may be grooved or canalized, and are connected to the venom glands 
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which are a pair of modified parotid salivary glands located one on each side, just below and 

behind the eye. 

 

Classification of snakes 

The three major families of venomous snakes are the Elapidae, the Viperidae, and the 

Colubridae Hydrophidae (WHO 2010).  

1. Elapidae (cobra, king cobra, krait, and coral snake): These snakes have heads that are of 

about the same width as their necks. Their pupils are round and they are oviparous. These 

snakes have grooved fangs that are short, fixed, and covered by mucous membrane. Several 

species of cobra can spit their venom for one metre or more towards the eyes of perceived 

enemies.  

2. Viperidae (vipers): The head of a viper is triangular, wider than the neck, and has laureal 

shields. They have vertically elliptical pupils and are ovi-viviparous. Their fangs are long, 

movable, and canalized like hypodermic needles. They are further subdivided into pit viper and 

pitless viper subfamilies. The Crotalinae (pit vipers) have a special sense organ, the pit organ, 

to detect their warm-blooded prey.  

3. Hydrophidae (sea snake): Sea snakes are found in the vicinity of the seacoast. They have a 

small head and a flattened tail that helps them swim. Though venomous, they seldom bite.  

Snake venom 

Snake venom is nothing but the toxic saliva secreted by modified parotid glands, and is 

a clear, amber coloured fluid when fresh. It is the most complex of all poisons, containing more 

than 20 components.  

Constituents: 

Toxins: Low Molecular Weight peptides and proteins. 

Enzymes: Proteinases, hydrolases, hyaluronidase, cholinesterase, phospholipase, ATPase, 

ribonuclease, deoxyribonuclease etc. 

Miscellaneous: Neurotoxin, Cardiotoxin, haemolysin, haemorrhagin. 

Nature: 

Conventionally, venom is classified as follows: 
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Neurotoxic – Elapid snakes, ie cobra, krait. 

Haemotoxic – Viperid snakes ie, vipers 

Myotoxic    - Hydrophid snakes ie sea snakes 

Medical uses of snake venom: 

Venom is used for producing antivenom that is used for treating snake envenomation. 

Some medicines have also been derived from snake venom. For example, hemotoxins have 

been used to produce drugs for treating high blood pressure, heart attack, and blood disorders. 

Neurotoxins have been used to develop drugs for treating brain disorders and stroke. The first 

venom-based drug to be developed is Captopril, derived from the Brazilian pit viper and used 

for treating high blood pressure. Other drugs developed from snake venom include Etifibatide 

from rattlesnake and Tirofiban from African saw-scaled viper, which are used for treating heart 

attack and chest pain. 

Clinical features: 

Elapid Bite 

Local Features 

Indistinct fang marks, Burning Pain, Swelling and discolouration , Blood-stained discharge 

Systemic Features 

Pre-paralytic stage 

Vomiting, headache, loss of consciousness 

Paralytic stage 

Ptosis, ophthalmoplegia, drowsiness, dysarthria, dysphagia, convulsions, respiratory failure. 

Viperid Bite 

Local features 

Rapid swelling with discolouration and blister formation which may extend to the entire bitten 

limb and even involve the trunk, Frank bleeding from the bite-site, Severe pain 

Systemic Features 

Generalised bleeding tendency manifesting as epistaxis, haemoptysis, bleeding gums, 

haematuria, purpuric spots in the skin, Renal Failure 

Hydrophid Bite 

Local Features 

Minimal swelling and pain, Frank bleeding from the bite-site, Severe Pain 

Systemic Features 

Myalgia, muscle stiffness, Myoglobinuria, renal tubular necrosis, Renal Failure 
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Diagnosis of snakebite: 

1. Fang Marks 

2. Identification of Snake 

3. Laboratory Investigations 

a.Haematological 
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Anaemia, Leucocytosis, Thrombocytopenia, High haematocrit initially; later it falls 

b.Metabolic 

Hyperkalaemia, Hypoxaemia with respiratory acidosis, Metabolic acidosis or lactic acidosis 

c.Urine 

 Haematuria, Proteinuria, Haemoglobinuria, Myoglobinuria. 

Treatment of snakebite: 

1. First-Aid Measures 

a. Verbal reassurance: Since most snakebites are either non-venomous or non-lethal, it is 

imperative to decrease the anxiety that is experienced by a bitten victim, which can prove fatal 

(neurogenic shock). 

b. Immobilisation: Since exertion can enhance systemic absorption of venom, there is universal 

consensus that the patient should be put at rest, and the bitten extremity immobilised by using a 

splint or sling. Encourage the patient to move as little as possible. Movement of the bitten part 

could speed the spread of venom. 

c. Beverages: Use of “stimulating” beverages such as coffee is inadvisable and ineffective. In 

some cases, it can provoke vomiting, the tendency for which is usually present in the early 

hours following a bite. Alcohol must never be administered, since it increases the absorption of 

venom. 

d. Tourniquet: It is well known that systemic absorption of venom occurs mainly through 

superficial lymphatics, and therefore application of a tourniquet proximal to the bitesite of a 

bitten limb in order to prevent the spread has often been advocated. But there are serious risks 

associated with tourniquets and other similar occlusive methods, which include ischaemia and 

gangrene, damage to peripheral nerves ,increased fibrinolytic activity, congestion, swelling, 

increased bleeding, and increased local effect of venom.Because of the dangers associated with 

it, today the general consensus is against application of a tourniquet. 

e.Incision and suction: The current view is generally against such a practice. This is 

compounded by the serious risks associated with it, including uncontrolled bleeding in patients 

with incoagulable blood (viper bite), damage to nerves, blood vessels and tendons, and 

introduction of infection. 

f. Cyrotherapy: Local cooling (application of ice) in the region of the bitesite was previously 

recommended for minimising the absorption of venom. Today this is universally condemned 

because of serious risk of necrosis leading to gangrene, which may even necessitate 

amputation. 

g. Electric shock: It has been suggested that if snake antivenom is not available to treat a 

venomous bite, local electric treatment may be done which is claimed to be life saving. Today, 

the universal view is that it is a useless and dangerous method. 
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The WHO recommends only reassurance, immobilization, and immediate transportation to the 

nearest health facility, and has coined the following slogan with regard to first aid for 

snakebite. Do it RIGHT (R= Reassurance, I= Immobilization, GHT = Get to Hospital and Tell 

the doctor the detailed sequence of events from the time of the bite. 

h. Drugs: 

For mild to moderate pain, paracetamol can be given. If pain is severe, several 

authorities recommend judicious use of narcotic analgesics such as pentazocine or pethidine, 

even though in some cases this can be hazardous, e.g. elapid bites, where there may be CNS 

depression.Aspirin and non-steroidal anti-inflammatory drugs must not be used, since they 

commonly cause gastric erosions, and could lead to persistent gastric bleeding in patients with 

incoagulable blood, as in the case of viper bites.Since vomiting is a common early symptom of 

systemic envenoming, patients should be made to lie on their side with the head down to avoid 

aspiration. Though Clostridium tetani has not been isolated, its ubiquitous nature prompts most 

authorities to emphasise the importance of tetanus prophylaxis in the form of tetanus toxoid. If 

the patient has not been previously immunised, tetanus antiserum or tetanus human globulin 

must be given. 

 

2. Hospital Measures 

a. Observe every case of alleged snakebite for a minimum period of 24 hours. Late onset 

envenoming is common in snakebite involving some species such as the humpnosed pit 

viper. 

b. Check for/monitor the following: 
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Pulse rate, respiratory rate, blood pressure, and WBC count every hour. Platelet counts are 

very useful in viper bites. A decrease is indicative of a potential coagulation 

abnormality.Urinalysis can provide useful evidence of haemoglobinuria or myoglobinuria. 

Vomiting, diarrhoea. 

Abnormal bleeds. 

PT (prothrombin time), APTT (activated partial thromboplastin time 

Extent of local swelling and necrosis. Obtain wound culture in necrotic wounds with 

suspected infection. 

Antivenom (antivenin, asv) therapy: 

Antivenom therapy is the only scientifically proven treatment for venomous snakebites. 

Snake antivenom was discovered by Dr. Albert Calmette, a French physician, bacteriologist, 

and immunologist who was attached to the Pasteur Institute in Paris. Calmette, who was a close 

associate of Louis Pasteur, developed snake antivenom in 1894, while at the Pasteur Institute.  

 

Antivenom Production: 

 

The first step in the production of snake antivenom is extraction of the venom from 

snakes. The head of the snake is held firmly and the fangs are anchored to the corner of a petri 

dish and the venom glands are gently squeezed to “milk” the snake. The venom collects within 
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the petri dish. The venom is dried and then solutions are made at graded concentrations in 

double distilled water or saline. Next, horses are immunized with increasing doses of the 

venom over a span of 1-2 months. This stimulates the immune system to produce antibodies 

against the venom. After completion of the immunization course, the horses are bled from the 

jugular vein in the neck. The blood is allowed to clot and the serum is separated. The 

antibodies in the serum are purified, which are the active components of the antivenom. The 

antivenom is available in both liquid and lyophilized (freeze-dried) forms. 

Indications: 

Never embark on antivenom therapy as a matter of routine. 

Many cases of snakebite involve nonvenomous snakes. 

Envenomation is not the rule even in venomous bites. 

Antivenom is usually in short supply, and has limited shelf-life. 

Reid’s criteria (modified by Persson) for antivenom therapy are as follows: 

Prolonged or recurring hypotension 

Persistent or recurring shock in spite of treatment 

Pronounced leucocytosis 

Protracted gastrointestinal symptoms 

Acidosis 

ECG changes 

Raised serum creatine phosphokinase 

Timing: Although anti snake venom must be administered as early as possible when signs of 

systemic or severe local envenomation develop, it is almost never too late to try antivenom 

therapy.Some investigators have reported beneficial effects even after a lapse of 1 week or 

more. 

Availability: In India, polyvalent antivenom is commonly available which is effective against 

the Big Four: common cobra, common krait, Russell’s viper and saw-scaled viper. 

The best form of antivenom is a lyophilized (freeze-dried) powder, which is produced by 

immunisation of horses with the venom of the snakes mentioned (vide supra). The powder 

must be reconstituted in distilled water or saline just before use. If the resulting solution is 

opaque (turbid) to any extent, it has lost its efficacy and should be discarded .mThe liquid form 

of antivenom has to be kept refrigerated, and is therefore subject to problems of power failure. 

Procedure: Dissolve the antivenom in distilled water or normal saline and administer the 

appropriate dose as an infusion in 500ml of saline at 15-20 drops per minute. The rate can be 

progressively increased so that the infusion is completed in 1 to 2 hours. 

Dose: Begin with 8 to 10 vials. 
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After the infusion has been completed, check for improvement. It is advisable to wait 

for 6 hours to perform the investigations. At the end of 6 hours if there is no significant 

improvement, an additional 5 to 8 vials can be administered. If a total of 25 to 30 vials have 

been administered without much improvement, further antivenom therapy is unlikely to be 

helpful and must be stopped. Pregnancy is not a contraindication. Children require the same 

dose of antivenom (or even more) as adults. IfCVS or CNS symptoms persist for more than ½ 

hour, or incoagulable blood persists for more than 6 hours after the first dose, It must be 

remembered that systemic envenoming can recur several days after an initial good response to 

antivenom. Repeat the initial dose of antivenom if severe 

Storage of antivenom: Antivenom must be stored in a refrigerator. Lyophilised antivenoms 

stored at below 8ºC usually retain their activity up to 5 years or more. Reconstituted solutions 

remain stable up to 48 hours. Diluted solutions should be used within 12 hours of dilution. 

Reactions/Adverse Effects: Early (anaphylactic) reaction: Develops in 10 minutes to 1 hour of 

beginning the antivenom therapy. It begins with cough, urticaria, tachycardia, palpitations, 

nausea, vomiting, headache, and fever. The full-blown anaphylactic reaction is characterised by 

hypotension, bronchospasm, and angioedema. Treatment involves administration of adrenaline 

subcutaneously, 0.5 to 1 ml of 0.1% solution (1 in 1000) for adults; 0.01 mg/kg for children. 

This is followed by an antihistamine (e.g. chlorpheniramine maleate, 10 mg in adults; 0.3 

mg/kg in children). 

Pyrogenic reaction: Develops in 1 to 2 hours of beginning the therapy. It is characterized by 

chills, goose fleshing, shivering, rise in temperature, sweating, vomiting, and 

diarrhoea.Treatment involves fanning, tepid sponging, hypothermia blankets, or antipyretic 

drugs such as paracetamol. 

Late (serum sickness) reaction: Develops about 7 days after treatment. It usually responds to 

antihistamines and corticosteroids. 

If antivenom is not available, the following conservative measures can be undertaken: 

Haemostatic abnormalities: Give clotting factors and platelets (i.e. fresh frozen plasma and 

cryoprecipitate with platelet concentrates). 

Blood transfusion may be indicated. 

Shock/Hypotension: Give colloids/crystalloids as needed. Monitor central venous pressure 

and cardiac output. Dopamine and other pressor agents may be required.  

Blood transfusions may be indicated in the presence of systemic bleeding. 

Myoglobinuria: correct hypovolaemia and acidosis. 

Acute renal failure: supportive care or haemodialysis. 
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Prevention of snakebite: 

 Do wear shoes (or preferably leather boots and long trousers) when walking outdoors amid 

thick undergrowth or long grass. 

 Do carry an electric torch or flashlight when walking outdoors at night. 

 Do take care when collecting fi rewood, or moving logs, rocks, boxes, or debris which are 

likely hiding places for a snake. 

 Do take care when climbing rocks or trees with dense foliage, or swimming in lakes or 

rivers with lots of weeds. 

 Do use repellants in basements, attics and storerooms to ward off rodents and snakes (e.g. 

DDT, naphthalene, pyrethroids, formaldehyde fumigants, etc.). 

 Do not go near a snake even if it appears inactive or harmless. Slip away quietly. Do not 

make sudden movements. 
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 Do not handle a snake even if it appears dead. Some snakes pretend to be dead to avoid 

attack. 

 Do not keep venomous snakes as pets or performing animals. 

 Do not sleep on the ground at night. You may wake up with a venomous snake lying cosily 

next to you, attracted by your body warmth. 

Some myths associated with snakes and snakebite: 

 Snakes attack when somebody goes too close to them 

 Snakes like to drink milk 

 Snakes like to listen to music 

 Snakes take revenge and so when a snake is hurt, it will come back to take revenge.  ( 

Movie Nagin) 

 When a venomous snake bites under water it is not as dangerous as a bite by the same 

snake on land. 

 If a person who is bitten by a snake in turn bites the snake, the venom would disappear 

from the body of the victim 

 Some folk medicine practitioners can use their powers to bring the snake back which bit 

the victim, and once again make it bite, so as to remove the venom out of the body of the 

victim. 
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Introduction: 

In general ‘Marker’means ‘one that marks or serves as a mark’. In biology markers are 

mainly of three types - visual markers (phenotypic expression), biochemical markers (isozymes 

and allozymes) and molecular genetic markers (DNA sequences). 

A genetic marker is a sequence of DNA with a known physical location on a 

chromosome. A DNA marker is an identifiable DNA sequence found at specific locations in 

the genome and passed from generation to generation according to the laws of heredity. These 

markers can be used to monitor the inheritance of simple traits controlled by a single gene or 

complex traits controlled by many genes. 

DNA markers have great potential to improve the efficiency and accuracy of 

conventional plant breeding through marker-assisted breeding (MAS). The large number of 

quantitative trait loci (QTL) mapping studies for different plant species have provided an 

abundance of DNA marker trait associations. 

Marker-assisted selection (MAS), also known as marker-assisted selection (MAB), uses 

genetic markers that associate with desired traits. Once they were able to identify the genetic 

sequence that was still associated with the desired trait, for example, they could avoid testing 

every sub tree for that complex trait - they could simply look for the marker using the test. 

DNA tests quickly, and they immediately know which plants have the trait and which do not. 

No DNA is changed and no new genes are introduced in the process - it's the traditional way of 

hybridization with the help of molecules. 

MAS are often used as a synonym for SMART selection, which stands for selection 

with markers and advanced reproductive technology. MAS may be more effective, efficient, 

and reliable than phenotypic selection. In addition, MAS can greatly shorten the development 

time of varieties, so in some cases it will be more cost-effective than phenotype-based 

mailto:aranav.yadav@gmail.com


Bhumi Publishing, India 

88 
 

breeding. MAS also allow the selection of complex traits that were not feasible by conventional 

methods previously. 

Breeders have used molecular markers to increase the accuracy of selecting the best test 

combinations. The varieties developed by MAS are not considered genetically modified 

organisms (GMOs) and are accepted by domestic and international markets. Molecular marker-

assisted breeding methods have led to significant improvements in livestock efficiency by 

reducing the trial and error aspect of breeding and saving time and money. 

According to the United Nations, the world's population will exceed 9 billion people by 

2050. It leads to the emergence of a major food security challenge. Breeders' main research 

issue is the availability of appropriate food with good nutritious content. Climate change is 

accelerating these days. It will have an impact on crop productivity, fresh water resources, and 

arable land, among other things. 

There is a requirement for MAS to address these issues. It possesses the ability to 

unlock the crop's latent potential: Plants have a diverse genetic foundation, much of which is 

unknown. MAS have the potential to discover and unlock important features in plants, such as 

higher yield, disease resistance, and drought tolerance that are currently unknown. 

Marker Assisted Selection activities:   

Marker Assisted Selection involves the following activities: 

a) Planting the breeding populations with potential segregation for traits of interest 

orpolymorphism for the markers used. 

b) Sampling plant tissues, usually at early stages of growth, e.g. emergence to young seedling 

stage. 

c) Extract DNA from a tissue sample of each individual or family in the population and 

prepare DNA samples for PCR and marker screening. 

d) Amplifying molecular markers associated with or connected to the trait of interest using 

PCR or other methods. 

e) Separation and recording of PCR/amplification products, using appropriate separation and 

detection techniques, e.g. PAGE, AGE, etc. 

f) Identifying individuals/families carrying the desired marker alleles. 

g) Combining marker results and additional selection criteria to find the best 

individuals/families with both desired marker alleles for target attributes and ideal 

performance/phenotypes for other qualities. 

h) Repeat the above operations over several generations, depending on the association between 

the marker and the trait as well as the status of the marker allele (homozygous or 



Frontiers in Life Science Volume V 

    (ISBN: 978-93-91768-54-6) 

89 
 

heterozygous), and individual progression selected in a crossbreeding program to produce 

higher bloodlines or stable  elite individuals with enhanced traits developed. 

Components of a Marker Assisted Selection: 

Key components involved in marker assisted selection programme: 

Genetics and breeding populations 

 

Genotyping (chips or GBS)  Phenotyping (high-throughput/precision) 

 

Marker trait association (linkage, LD and combined) 

 

Marker developmentand validation 

 

Marker Assisted Selection (MABC, MARS, GS) 

 

Improved germplasm (varieties, synthetics,hybrids, populations) 

Marker Assisted Selection for food security:  

Breeding techniques such as MAS are only one part of the solution to the food crisis, 

but it has high capacity to fulfill the need of nutritive food: 

High Yield 

The continued growth of the population has led to an increase in the demand for food, 

which in turn requires an improvement in the grain yield of the crops. Marker-assisted selection 

(MAS) is one of the best ways to introduce yield-related QTLs/genes into crops. Different 

genes/QTLs associated with high yield, including nuclear number, identified in different crops 

could be used by MAS to improve yield. However, sometimes MAS do not perform well in 

livestock production, possibly due to lack of resources, skilled labor, reliable signs, and high 

costs associated with MAS. So, by overcoming these problems, we can improve the application 

of MAS in plant breeding, which in turn can help us increase yields, which can then help close 

the gap between the need and supply of food for a growing population. 

Nutrition Rich 

Plant varieties with genetic variation in zinc, iron, and vitamin concentrations, as well 

as traditional and marker-assisted selection, offer a lot of potential to boost the micronutrient 

content of staple crops. The insertion of genes for proteins like zeins or albumins could result 

in a higher level of the desired amino acid. Other ways are being examined, such as lowering 

anti-nutritional components and changing the composition and amount of carbohydrate and oil. 
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The production of sweet potato varieties with higher levels of pro-vitamin A in African 

countries is one effective example of conventional breeding. The first bio-fortified MAS 

variety is expected to hit the market in the near future. Maize genetic markers linked to greater 

quantities of pro-vitamin A in kernels have recently been discovered by scientists. Seed storage 

proteins (SSP) are found in higher plants' seeds. On the basis of their solubility in solvents, 

these proteins have been classified as albumins, globulins and glutenins. They may play an 

essential role in the development of nutrient-rich crops. 

Storage Life  

MAS in improving seed quality traits of cultivars with high storage life are prominent 

in crop breeding programs. Several seed quality traits are polygenic trait controlled by many 

QTL/genes with smaller effects, such as seed size, seed oil content etc.; or by few QTL/genes 

with major effects such as kernel color. In addition, it is difficult to produce ideal cultivars with 

high yield and good quality due to the existing negative correlation between those traits. 

Therefore, molecular detection and genetic tracking of quantitative trait loci (QTL) for quality 

seed traits will affect positively in manipulation of those traits, and will increase the accuracy 

of selection. Hence, the identification of QTLs related to seed quality traits is important as an 

entry point for marker assisted selection.  Nowadays, the studies are focusing on desiccation of 

stable QTLs responsible for agronomic and quality traits in major crops using genome 

wideassociation mapping (GWAS), linkage mapping and single nucleotide polymorphism 

(SNPs). 

Marker Assisted Selection for climate change:  

MAS have tremendous capacity to fight against the rapidly changing climate pattern, by 

following ways: 

Biotic Stress 

The development of resistant varieties for a single disease is not enough to save plant 

products and feed the growing population in developing countries. DNA markers have a huge 

potential to improve the efficiency and precision of conventional plant breeding techniques via 

marker assisted selection (MAS).This can reduce the reliance on laborious and fallible 

screening procedures, making it easier to identify and select desirable traits. The use of 

molecular markers can aid selection in conventional breeding, especially for certain traits that 

are laborious to manage. 

Breeders have succeeded in developing strains resistant to pathogens by incorporating 

the R gene into cultivars, but this is not always the case as the traditional breeding process 
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takes about 10 years. Pathogens have already evolved mutants that are not recognized by 

improved cultivars, leading to susceptibility. 

Abiotic Stress 

Traditional approaches to plant disease resistance transmission are limited by the 

complexity of stress tolerance traits, as most of them are quantitative linked (QTL) traits. 

Direct introduction of a small number of genes provides a practical alternative and rapid 

approach to improving stress tolerance. Current engineering strategies rely on the transmission 

of one or more genes encoding biochemical pathways or signaling endpoints, but these gene 

products provide direct or indirect protection against environmental pollution. Drought is an 

important abiotic factor that limits crop yields and thereby causes significant losses. Drought-

tolerant polygenic1 makes breeding of drought-resistant strains very difficult. A promising 

opportunity to improve drought tolerance through the MAS of wheat, rice, corn and sorghum. 

Low temperature (LT) tolerance is a complex quantitative trait manifested in prediction 

and during crop exposure to near-freezing temperatures. This ecological reduction trait is 

determined by a highly integrated system of structural and developmental genes that are 

regulated by complex environmentally sensitive pathways. The superior LT tolerance genes 

have been tagged using molecular markers allowing plant breeders to select resistance 

genotypes without having to wait for field freeze testing. Thus, MAS helps combat abiotic 

stresses in several ways. 

Conservation of genetic diversity: 

The loss of genetic diversity has become a problem not only for natural plant and 

animal populations, but also for agriculturally important species. Old varieties or races and 

wild relatives of domesticated species are disappearing as modern varieties are adopted by 

farmers. This has led to calls to conserve the genes of plant sprouts. Microscopic cells are often 

used to study genetic relationships between genotypes within species due to their high degree 

of polymorphism. Microscopic cytogenetic markers are currently used to identify quantitative 

trait loci (QTLs) genotypes and genetic diversity. 

MAS exploits biodiversity Despite the value of genes or alleles from wild and racial 

species, conventional breeders have been reluctant to use non-crop (i.e. soil) genetic material in 

their breeding programs due to the complex, long-term and unpredictable results. Currently, 

Marker-assisted breeding helps to precisely introduce subgroups of wild or racial species into 

elite varieties. Two successful examples of this approach are the high yielding tomato AB2 and 

the maize variety Vivek QPM 9 with improved protein quality. 

Conclusion: 
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Although genetic engineering has attracted much attention, many scientists believe that 

greater progress in the improvement of plant varieties can be achieved through the applications 

of unrelated biotechnology to genetic engineering. One such tool is marker assisted selection 

(MAS), MAS is being used to accelerate and expand the scope of plant breeding worldwide 

and has become a valuable alternative to genetic engineering, as it has great potential for crop 

improvement without the threat of irreversible environmental harm or long-term effects on 

human health. While genetic engineering is gaining public attention, the development and 

achievements of MAS have gone largely unnoticed. However, the growing population has 

alarmed food security worldwide and people have tried to incorporate modern technological 

tools into conventional livestock to improve important crops such as rice, wheat and legumes 

etc. 

Due to the number of QTLs, genes and markers identified the MAS is likely to become 

more valuable.  Many  organizations  and  private  sectors  succeed  in  implementing  MAS  

and  produced  new  lines  with desirable traits. But still reduced cost and optimized strategies 

for integrating MAS with phenotypic selection are needed before the technology can reach its 

full potential. 
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Abstract: 

       The seeds being a complex organ of multiple origins and metabolically most active that 

secretes and synthesizes efficient compounds that can be exploited for drug formulations. For 

study of seed coat characters all the parameters are very important like seed size, shape, colour, 

hilum shape, hilum size, surface features, seed weight etc. Seed study shows morphological, 

anatomical and phytochemical observations. The micromorphological characters of seed show 

presence of hairy, fibrous, granulated depositions.  Seed shows two halves. It’s a fruit like seed. 

In anatomical observations shows wavy epidermis, vittas, vasculature, endosperm, cotyledon etc. 

The qualitative test, preliminary phytochemical analysis, thin layer chromatography of amino 

acids help for the detection of various chemical constituents present in it. Seeds have high 

medicinal value .The component which were detected from this seed is useful for preparation of 

various drugs. Seeds also constitute an important source in ethanomedicinal formulation & have 

a tremendous potential for pharmaceutical industry. All the study helps detection of 

morphological, anatomical characters and phytochemical analysis which is very useful for the 

seed identification and herbal drug preparations. 

Keywords: Seed morphology, Scanning electron microscopy (SEM), Seed anatomy, 

biochemical, phytochemical analysis, Apiaceae (Umbelliferae). 

Introduction: 

        In very large quantities, the human society depends on plants for food, fuel, fodder, 

clothes & so on. We cannot imagine life & its growth without plants. Each & everything on this 

earth is depending directly or indirectly on plants. Herbal remedies are very old. The traditional 
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herbal remedies often include religious belief & rituals that represents an important line between 

past and present culture. Over the years the knowledge of seed characteristics has been an 

important task for seed identification with increasing importance in modern scientific field. 

Apiaceae is a large family. There are 300 genera and more than 3000 species. The name 

Umbelliferae derives from compound “Umbell”inflorescence (Fig: 1, 2). The Apiaceae or 

Umbelliferae is a family usually aromatic plants with hollow stems. The Umbelliferae family is 

named after the shape of its flowers which are called umbells (Fig: 2).These distinctive umbrella 

shaped blooms are attractive in arrangements & loved by numerous beneficial insects. Members 

of this family are loaded with it, minerals & antioxidants. (www.organics for all.org/vegetables 

& html) (www.nutrition and you.com.) 

  

Figure 1: Habit of Cuminum cyminum L. 

plant 

Figure 2: Inflorescence Umbell of Cuminum 

cyminum L. 

The local name of this plant is jira/safaid jeera (cumin seed). In modern medicine, plants 

& herbal extracts formed important position because their chemical & medicinal contents found 

in natural form. (Gulfraz M. et.al.2011).Seed shows diversification in both external & internal 

characteristics. Seed coat morphology and surface sculpturing  are generally useful traits for 

species identification (Chance & Bacon 1984;Mathews & Levine 1986; Shelter & Morin 1986) 

& taxonomy (Seavey et.al.1977; Barov et.al.1999; Knies J.L.et.al. 2004) The biochemical and 

phytochemical analysis are essential for the detection of various components inside the seeds of 

Apiaceae because it determined nutritive & pharmaceutical importance.  

Materials and Methods:  

 Sample collection: Seeds of family Apiaceae (Umbelliferae) like Cuminum cyminum L. 

were collected from local area. For seed coat study, all the seeds parameters were studied 

http://www.organics/
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using dissecting and binocular microscope. Digital weighing balance was used for weighing 

the seeds in mg. The morphological observations of seeds were done followed by their 

photography, using 1 cm. scale. 

 Seed coat morphology (SEM): To study the seed coat morphology scanning electron 

microscopy is most important. For this purpose, the individual seeds were dipped in alcohol 

for 5-10 min. to remove the dust from them. The seed mounted on pin type stubs using 

double sided adhesive tape or conductive silver paint to prevent charging of the surface 

during scanning and then coated with a very thin layer of gold in a polaron sputter coating 

unit. For spermoderm study of seed photomicrograph were taken in the scanning electron 

microscope (SEM) (LEO 430) at Birbal Sahani Institute of paleobotany, Lucknow. 

 Seed coat anatomy: For the anatomical observation of seed coat study take the transverse 

sections of seed coat. Using permanent slide preparation method or double staining method 

place the section on various alcohol grades like 30%, 50%,70%,90% absolute alcohol, 

xylene, DPX etc. The safranine and light green stain used for staining.  

 Preliminary phytochemical tests: The preliminary phytochemical analysis is most 

important for detection of various chemical constituents. Trease and Evans (1989) test were 

done. Qualitative phytochemical analysis of the crude powder of the seeds of the plant for the 

identification of phytochemicals like alkaloids, carbohydrates, reducing sugars, steroids, 

glycosides, flavonoides, terpenoides, saponine, protein, tannins, amino acids, volatile oil or 

essential oil. Preliminary phytochemical test were done using different extract. 

 Thin Layer Chromatography: Using BAW (Butanol 80ml : Acetic acid 20ml: Water 

20ml)solvent, aqueous extract with seed powder, TLC plate (MERCK)silica with aluminium 

sheet, capillary tube, chromatography chamber, lid, wax for sealing, spray, etc. use for 

chromatography. All the above biochemical and phytochemical methods were done by using 

Trease and Evans (1989), Sadashivam and Manikam (2005), Thimmaiah S.R.(1999), 

Harborne J.B., (1994) method. 

  Seed is a mature ovule. On the morphological level seed shows various parameters like 

size, shape, colour, hilum position, hilum shape, surface, weight, symmetry etc. Externally Seed 

0.32 cm. - 0.16 cm. ovate, elongated, and brownish, 0.70 mg, bilateral, hilum apical, pointed, 

circular, seed shows prominent ridges on surface. It’s a fruit like seed. Apical end acute, dented. 

Basal end tappered. Ridges are yellowish and 06-07 in numbers (Fig: 3, 4). 
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Observations: 

  

Figure 3: Seeds of Cuminum cyminum L. Figure 4: Magnified view of Cuminum cyminum 

L. seeds shows elongated prominent ridges on 

surface with dented apex 

 

  

Figure 5: Scanning electron microscope of 

Cuminum cyminum L. seed shows tapering 

pointed apex with glandular, hairy 

projections on the halves- 304X 

Figure 6: Scanning electron microscope 

Cuminum cyminum  L. seed shows two equal 

halves with glandular, ,fibrous deposition, 

hairy projections -171 X 

SEM study: It’s a middle view of seed surface. Seed shows irregular, slightly wavy surface. At 

the halves region fibrous, thick hairy, glandular deposition present. Surface shows granulated, 

deposition also . An apical view of seed surface shows Hilar region is protruded,acute. Seed 

shows two halves. At the junction of two equal halves presence of small glandular, fibrous, hairy 

deposition. Ridges prominent, long, fibrous and thick (Fig: 5, 6). 
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Figure 7: T.S.of seedcoat of Cuminum 

cyminum L.shows one halves with wavy 

epidermis.vitta,endosperm and cotyledon-

(160 X) 

Figure 8: T.S.of seedcoat of Cuminum 

cyminum  L.shows two equal halves with 

wavy epidermis, vitta, endosperm and 

cotyledon with vascular deposition in 

between two halves.- (160 X) 

 
 

Figure 9: T.S.of Cuminum cyminum L. 

seedcoat shows Large vitta with wavy 

epidermis & cotyledon, endosperm cells 

X400. COT- Cotyledon,EP-Epidermis 

Figure 10: END- endosperm cells 

 

 

Figure 11: VT-Vascular tissue Figure 12: VTS- vittas 

 

       In the anatomical characters the transverse section shows two cotyledon. The outer 

epidermal layer wavy, parenchymatous, thin. Each cotyledon shows 05-06 vittas at outer side. 

Inside it endosperm and cotyledon developed. Well developed vasculature in between two 

cotyledon. Presence of prominent xylem and phloem tissue in them. Cotyledon cells polygonal to 
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hexagonal in shape with oil globules in them. Vascular tissue also polygonal in shape. Vittas are 

larger and smaller in shape present outer and inner side of the section (Fig: 9, 10, 11, 12). 

The above study shows that presence of concentration of protein in seed sample detected 

by using biuret test and xanthoproteic test (Table: 1). The preliminary phytochemical analysis 

shows that various extracts shows present or absent of active constituents in seed sample (Table: 

2). Tannin occures more as compare to others. Alkaloids and steroids are absent. Glycosides, 

flavonoids and saponine also present.  

 

Table 1: Study of concentration of protein in seed samples 

  Sr. No.        Botanical Name Biuret test    Xanthopro-Teic test 

   01     Cuminum cyminum  L.        ++               +++ 

 

Table 2: Preliminary phytochemical analysis of seeds/ fruits of Cuminum cyminum L. 

Sr 

No. 

Test for active 

constituents 

Petroleu

m 

extracts 

Chloro 

form 

extracts 

Ethyl 

acetate 

extracts 

Methanol 

extracts 

Aqueous 

extracts 

Acetone Hexane 

01 Alkaloids - - - - - - - 

02 Carbohydrates - - - + + - - 

03 Reducing 

sugars 

- - - - + - - 

04 Steroids - - - - - - - 

05 Glycosides - + - + - + - 

06 Flavonoids + - + - - - + 

07 Terpinoids - + - - - - - 

08 Saponine + - + - + - - 

09 Protein + - - - - - - 

10 Tannins + + - + + + - 

11 Amino acids - - - - + - + 

12 Volatile oil or 

essential oil 

- + - - + - - 

(+) indicate present, (-) indicate absent 
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Figure 13: Thin layer chromatography detects presence of amino acids in Cuminum 

cyminum L. 

     Thin layer chromatography is an essential process for the detection of amino acids & 

carbohydrate. The detection of amino acids in seed sample of plant species through thin layer 

chromatography (TLC) revealed that the high quantities of amino acids were found in the 

Cuminum cyminum belonging to family Umbelliferae. The seed sample contain L-Cysteine 

hydrochloride, Isoleucine, DL-nor leucine and 2 unknown compounds are present in it. The 

qualitative analysis through TLC is considered to be most effective, and useful method for the 

separation and identification of complex mixtures of herbal drugs (Wagner and Bladt, 1996). 

Medicinal uses: 

     It is used internally and sometimes for external application also. It is known for its 

actions like enhancing appetite, taste perception, digestion, vision, strength and laction. It is used 

to treat diseases like fever, loss of appetite, diarrhoea, vomiting, abdominal distension, edema 

and puerperal disorders. 

Discussion: 

      Seed recognition is an important diagnostic feature and have great applied value in 

various scientific disciplines. The family Apiaceae shows fruit like seed. Surface irregular, 

glandular, fibrous thickening present. Presence of well ornamented transverse section. Section 

shows vittas deposition which is remarkable characters found in Umbelliferae (Apiaceae) family. 

Phytochemical are as antimicrobial compounds & pesticides of antimicrobial agents. The 

aromatic & essential oil plants which have made great contribution for quick & effective 

management of plant disease & microbial contamination in several agricultural condition. 
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(Siddiqui et al., 2009). The biochemical and phytochemical tests are essential for the detection of 

various components inside the seeds of Apiaceae because it gives nutritive & pharmaceutical 

importance. Thin layer chromatography is an essential process for the detection of amino acids. 

Along with the study of micromorphological & anatomical characteristics some of the seeds, 

which have high potential nutritive & medicinal value were subjected to thin layer 

chromatography studies to analyze the amino acids present in it.  

        The seeds show high medicinal value, used in preparation of various drugs. The 

biochemical analysis was done for detection of protein. The preliminary phytochemical analysis 

shows that tannins found in more as compare to others in different extract. Flavonoids, saponins, 

glycosides also present in various extract & other compounds present in seed sample. Alkaloids, 

steroids are absent. Various extract treated with seed sample which gives active constituents in 

them. So seed morphology, seed anatomy, qualitative & Preliminary Phytochemical analysis of 

seed sample of Umbelliferae is essential for identification, detection of various components in it. 

So identification, detection & analysis are most important for better research & economic use 

also. Medicinal uses of a seeds were tested in using different formulations in research 

laboratories, pharmaceutical industries for their scientific, economic and beneficial use.   
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Abstract:  

In new era of scientific and technical agricultural farming are using of arsenic containing 

pesticides for increases agriculture yield. Its adverse effect has also been observed on the 

organisms living in water, such as fish, by using arseniccontainedpesticide. In the present 

investigation the toxicity of arsenic trioxide on biochemical parameter has shown in catfish, 

Clarias batrachus. The blood glucose level of catfish was found decreased when the duration of 

exposure of arsenic trioxide increased. The result of present study indicates that arsenic is toxic 

even in small dose. 

Keywords: Arsenic trioxide, Blood glucose, Biochemistry, Clarias batrachus, Lethal 

concentration. 

Introduction: 

 Toxicity is increasing in presence of pesticides in aquatic resources. Aquatic 

contamination of the arsenic containing pesticides causes acute and chronic poisoning in fish and 

other organism. In the early life stages of fish, like eggs and larvae are particularly sensitive to 

contaminant. In the modern age of technical and scientific farming are using of arsenic 

containing pesticides increases in agriculture field also (Fiumann, 1993; katare et al., 2015). The 

fitness and growth of fish depending on toxicity, exposure time and concentrations of the 

chemical substrates involved (Lanno and Dixon, 1994). The carcinogenic and mutagenic action 

of certain insecticides, herbicides, rodenticides and fungicides on experimental animals is well 

known and several studies have shown that chronic exposure to low levels of arsenic can also 

cause carcinogenicity and/or mutations (Karabay and Gunnehir, 2005; Bull et al., 2006; Asati et 

al., 2016; Pichhode and Gaherwal, 2019a). Bhattacharya et al. (1987); Mohamed and Nahed 

(2008) indicated the hypoglycemic effect of metallic contaminants on fish. In different 

concentrations of contaminants including arsenic, Channa punctatus and Clarias batrachus were 
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showing hypoglycemia during short term and long-term exposure and they found that 

contaminants in single dose and in a mixture both caused depletion of hepatic glycogen profile.  

 Kumari and Ahsan (2011) observed that when Clarias batrachus were exposed to many 

concentrations of arsenic mixture for six days glycogenolysis was induced in muscles. Most 

important differences in average muscle glycogen substance were occur in the treated both male 

and female fish, in which higher concentrations were more glycogenolytic than the lower 

concentrations. After 96 hours of treatment with arsenic, less depletion of muscle glycogen 

content was reported in both sexes of fish (Pichhode and Gaherwal, 2020). The present study 

focused on arsenic trioxide induced blood glucose level abnormalities of the Clarias batrachus. 

Material and Methods: 

Experimental animal 

The healthy catfish Clarias batrachuswere used as an experimental animal and it were 

collected from local fish market of Indore and acclimatized in the laboratory for one week. 

Test chemical 

The analytical grade arsenic trioxide (As2O3) (CAS No.: 1327-53-3) (Anhydrous) with 

98% purity was taken from Spectrum chemical mfg. corp. Mumbai, India and used without 

further purification for the experiment. 

Determination of lethal concentration of Arsenic trioxide 

To determine the lethal concentration (LC50) of arsenic trioxide, catfish (Clarias 

batrachus) were randomly selected from the stock and exposed to different concentrations of 

arsenic trioxide in different tanks. Ten fishes were kept in each tank and water was replaced 

daily with fresh arsenic trioxide mixed water to maintain a constant level of arsenic trioxide 

during the exposure period. The mortality or survival of fish was observed at the end of 24 hours 

and the concentration at which 50 per cent mortality of fish occurred was taken as the lethal 

concentration (LC50) (Kumari et al., 2017; Pichhode and Gaherwal, 2019b). 

Collection of blood sample 

The blood collected by disposable syringe and needles from cardiac puncture of Clarias 

batrachusand kept in sterilized appropriate vials then processed for various biochemical analyses 

(Dacie and Lewis, 1975; Pichhode and Gaherwal, 2019c). 

Experimental design and duration 

In the present investigation experimental fishes were divided into two groups control and 

arsenic trioxide treated group. Ten (10) fishes were kept in control group and exposed to normal 

water and in experimental group forty (40) fishes were exposed to concentration of arsenic 
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trioxide at different time intervals. In both control and experimental group fishes were exposed 

to maximum 96 hours (Pichhode and Gaherwal, 2019d). 

Biochemical analysis 

The blood collected from cardiac part of catfish. The blood glucose level was determined 

by Follin- Wu Method (Folin and Malmros, 1929). The blood glucose was expressed as mg/dl. 

Results: 

 The blood glucose level of control catfish was 117.40 mg/dl. The blood glucose level was 

found decreased when the duration of exposure of arsenic trioxide increased. The level of blood 

glucose decreased after 24, 48, 72 and 96 hrs. of exposure of arsenic trioxide was 0.68, 3.74, 

4.77 and 11.24 per cent respectively. 

 

Figure 1: Blood glucose level in Clarias batrachus exposed to arsenic trioxide (84 mg/l) for 

different duration 

Discussion: 

 When exposed to sub lethal concentrations of arsenic trioxide the glucose levels were 

decreased in the gill, liver, kidney and brain of fish. It could be due to its enhanced usage as a 

quick source to meet the energy demand under metallic stress. During acute and chronic stress 

carbohydrate source is stocked store as a substitute reserve fuel in the liver and muscle tissues of 

fish for the endogenous derivation of energy (Bonga, 1997; Pichhode et al., 2020). The 

breakdown of glycogen from many tissue system of Clarias batrachus exposure to trivalent 

arsenic might be due to extend usage of the glycogen as the quick source to meet the energy 

demand under arsenic stress. Tissues do not contribute much anoxia resulting from pollution 

stress due to depletion of glycogen in the liver and kidney (Simon et al., 1983; Kumari and 
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Ahsan, 2011). Depletion in liver glycogen may also be due to acute hypoxia (Muley et al., 2007). 

Thus the results of present study corroborate with observation of previous authors. 

Conclusion: 

 In conclusion, we have shown that due to effect of arsenic trioxide blood glucose level 

were decreased as compared to control value at 24 hours intervals. The fish, which is an 

important component of aquatic fauna, appears to be susceptible to toxicity of arsenic through 

skin, gills and intake of arsenic-contaminated food. The result of present study indicates that 

arsenic is toxic even in small dose. Hence, authors suggest complete ban or reduction in arsenic 

based agricultural pesticides. 
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Abstract: 

Weeds are those which compete with agricultural crops and reduce their yield, which 

causes economic losses. To control weeds, chemicals are used for a long time. Recently, positive 

allelopathic results were used to reduce usage of chemical as weedicides and to use the weeds in 

other fruitful ways. The present work was carried out as a study to investigate the possible 

allelopathic activity of Rhyncosia minima and Alternanthera sessilis. Seeds of Vigna radiata (L.) 

Both R. Wilczek and Trigonella foenum-graecum (L.) were chosen as the bioassay material. 

Initially few qualitative and quantitative tests were performed on the stem and leaf extracts of 

weeds taken for this study. Antioxidant activity of the weeds was also studied using DPPH assay 

along with germination rate, root and shoot length and SVI to study the allelopathic potential of 

the selected weeds over the selected seeds. The results indicated that the effects of stem and leaf 

leachates of A. sessilis on the test species negatively impacted all the growth parameters. A. 

sessilisaffects the growth of both V. radiata and T. foenum-graecum compared to R. minima. 

Keywords: Allelopathic study, Rhyncosia minima, Alternanthera sessilis, Vigna radiata and 

Trigonella foenum-graecum 

Introduction: 

Plants have various beneficial properties along with being medicinal agents for thousands 

of years, while few plants cause problems to agricultural crops by overcoming or suppressing the 

farm produce. All those plants which compete with agricultural crops for the resources necessary 

for their growth and reduce the yield quality and other parameters are called weeds. Weeds also 

produce many secondary metabolites, which play a vital role in the development of new 

environmentally safe microbicides, biopesticides, bioherbicides, and many pharmaceutical drugs 

(Bobbarala et al., 2009).  
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Several methods were introduced and practised for controlling weeds. Among them, 

chemical-based processes cause soil infertility and are hazardous to the planet. Recently, to 

reduce chemical usage and to use weeds in other ways, allelopathic studies were done. The word 

allelopathy is used to describe the release of biochemicals from one plant into the environment 

(Einhellig, 1996), which influences the germination, growth, survival, and reproduction of 

another plant. Hans Molisch (1937) invented the word to explain the action of ethylene released 

by ripening fruits. Muller (1964) and his coworkers first described this activity in plants by 

explaining the inhibitory zones around some shrubs, presumably caused by volatile compounds 

emitted by these species. This is a natural interaction between plants which is one of the 

ecological processes that can be used to control weeds, insect pests, and illnesses in field 

crops.These allelochemicals are chemical substances that are low in molecular weight during the 

process of allelopathy which can be found in all parts of a plant released via volatilisation, 

leaching, introduction to exudation and breakdown of plant residues. Allelochemicals can be 

utilised for natural pest management in field crops, along with rotation, cover crops, and 

mulching. Though it affects or enhances the growth and other factors of another plant, it has 

never affected animals or other organisms consuming it (Ahmad et al., 2011). 

Rhynchosia minima and Alternanthera sessiliswhich are profusely growing common 

weeds, were taken for the study. They are selected due to their ability to outcome the nearby 

species. Seeds of Vigna radiata (L.) R. Wilczek and Trigonella foenum-graecum (L.) belonging 

to the family Fabaceae were chosen as the bioassay materials. The allelopathic study can be 

discussed in the wider term, but here in this study, phytoallelopathy is studied briefly. This study 

will make us understand the allelopathic effect of these weeds on economically important plants.  

Materials and Methods: 

Collection of plant materials 

 Stem and Leaf of R. minima and A. sessilis were collected from Kurumbapalayam, 

Coimbatore and identification was done by the Botanical Survey of India, Coimbatore. 

Preparation of extracts 

Collected materials were washed with distilled water, shade dried and powdered for 

extraction. Water and Ethanol were used to get extracts of stem and leaf. 
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Phytochemical screening 

 Qualitative analysis of stem and leaf of aqueous and ethanolic extracts of R. minima and 

A. sessilis were carried out for carbohydrates, reducing sugar, proteins, ascorbic acid, amino 

acids, alkaloids, flavonoids, glycosides, cardiac glycosides, anthraquinone glycosides, 

terpenoids, diterpenes, saponins, phenols, tannin, leucoanthocyanin, phlobatanins, sterols, 

phytosterols, resin, anthocyanin and oxalate. 

Biochemical parameters 

 Total phenolic content of aqueous and ethanolic extracts of stem and leaf of R. minima 

and A. sessilis was determined by spectrophotometer using Folin-Ciocalteu reagent (Malick and 

Singh (1980). Tannin content present in the extracts was determined by spectrophotometer (Folin 

and Ciocalteu, 1927). 

Antioxidant activity % 

DPPH (1,1-diphenyl-2 picrylhydrazyl) radical scavenging assay, Blois (1958) was used 

to calculate the antioxidant activity of plant extracts. One ml of plant extract (100 μg/ml to 1000 

μg/ml) is treated with a DPPH solution of 2.5 ml (0.5 mM). After 30 minutes of incubation in 

dark, their absorbance was measured at 517 nm. Ascorbic acid was used as standard. Calculation 

of percentage scavenging activity for each extract was done using the formula: 

% Inhibition = (A control - A sample)/ A control× 100 

Allelopathic study 

The allelopathic study was done using aqueous extracts of stem and leaf (R. minima and 

A. sessilis) and their leachate at different concentrations (25%, 50% and 100%) on the seeds of 

Vigna radiata and Trigonella foenum-graecum. In each treatment, triplicates were done with 5 

seeds placed in petridishes (9 cm diameter) separately lined with Whatman no. 1 filter paper 

moistened with 1 mL of various treatments and distilled water as control. 

Results and Discussion: 

Phytochemical screening 

The qualitative analysis performed on the ethanolic extract of the stem and leaf of the 

two weeds revealed the presence of carbohydrates, protein, alkaloids, cardiac glucosides, 

diterpenes, tannin, sterols, phytosterols, resins, oxalate, vitamin C, flavonoids and 

lecoanthocyanin. Phytochemicals like glycosides, saponins and Emodin were absent in the 

ethanolic extracts of stems and leaves of Rhynchosia minima and Alternanthera sessilis. Similar 
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results were reported in the ethanolic extracts of A. sessilis and R. minima by Sivakumar and 

Sumathi, (2016); Umate and Marathe (2017); Vinoth et al. (2020) and Mustafa et al. (2020). 

Total phenolic content 

The mechanism involved in mineral uptake by plants can be hindered by 

allelochemicals, which was also proved by several research. Total phenolic content is 

measured because phenolic allelochemicals can also inhibit plants from absorbing nutrients 

from their surroundings and affect the average growth of plants (Li et al., 2010). Due to the 

presence of a hydroxyl group phenolic compounds are more soluble in polar organic solvents 

(Wang, 2006). Therefore, methanol was selected as the extracting solvent. Total phenolic 

content (TPC) present in the stem and leaf of the two weeds was analysed and found thatstem 

extract of R. minima (63.28 mg GAE/100 g) was higher and lower inA. Sessilis (45.19 mg 

GAE/100 g), while in leaf extracts higher phenolic content was found in A. sessilis (66.28 mg 

GAE/100g) and R. minima (8.76 mg GAE/100g) showed lower quantity. TPC of leaf and 

stemextracts of A. sessilis were found by Muruganet al. (2013) to be 103.75 and 43.2 mg/100g, 

respectively. In acetone-water-acetic acid extracts of A. sessiliswere 56.8 ± 5.9 mg GAE/g. 

(Lee et al., 2015) and 279.8 mg GAE GAE/g (Khan et al., 2018).  

Tannin  

The tannincontent in the stem was found to be 50.11 mg GAE/100 g in R. minima and 

41.95 mg GAE/100 g in A. sessilis. The leaf extractsrevealed the presence of 54.1 mg 

GAE/100mg in R. minima, and 40.8 mg GAE/100mg in A. sessilis. Silva et al. (2015), in their 

study found 1.1 % of tannin in R. minima. 

Antioxidant activity 

Antioxidant Activity per cent of both stem and leaf of the weeds have similar values 

with slight variation in their Antioxidant Activity per cent. The weeds showed the maximum 

Antioxidant Activity per cent (1.52%) in ethanolic leaf extract of A. sessilis while showing a 

minimum Antioxidant Activity per cent of 1.40 % in ethanolic leaf extract of R. minima. 

Seed germination          

The effect of the stem and leaf leachate at different concentrations (0%, 25%, 50%, and 

100%) were used to study the effect of allelopathic potential on germination of the selected seeds 

are shown in graph (Fig. 1 & 2). Of the two species studied, fenugreek seed was not significantly 
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affected by any of the concentrations used. The presence of phenolic compounds might possess a 

hindering capacity in its germination when compared with germination of Vigna radiata. 

 

 

Figure 1: Comparative analysis of stem 

leachate of weed on germination of seeds 

Figure 2: Comparative analysis of leaf 

leachate of weed on germination of seed 

 

Root length 

The root length of the germinated seedlings was observed to study the effect of stem and 

leaf extracts and leachate on root growth. V. radiata seedlings had a better root length when 

compared to T. foenum-graecum seedlings. The longest in control was found in R. minima while 

the shortest was found in T. foenum-graecum which was4.4 cm and 3.64 cm respectively. The 

stem leachate, when compared with control, had a negative impact on using R. minima, where 

few seedlings had no root growth of T. foenum-graecum seedlings. 

Effect of stem extracts of the weeds showed a negative allelopathic effect on Vigna 

radiata at 100 % w/v of the extracts compared to control. A. sessilis stem extracts showed 

maximum impact on fenugreek leading to more growth when compared to control (3.09 cm and 

4.32 cm) at 50 % w/v concentration (6.63 cm) and 100 % w/v concentrations (5.78 cm). In R. 

minima, when compared with control (5.4 cm), there is a reduction in the root length growth at 

100 % w/v concentration (3.67 cm) with regards to fenugreek. 

The effect of leaf extracts on the root growth of V. radiata was analysed, and it was 

found that A. sessilis leaf extract has a reduced growth when compared to control (8.44 cm) and 

25 % w/v concentrations (4.11 cm), which proves the allelopathic effect of A. sessilison the root 

growth of V. radiata. Among them, the weed with the most allelopathic effect in its leaf extract 

regarding the root growth of T. foenum-graecum was R. minima. The control root length of 
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fenugreek was 5.4 cm, while at 50 % w/v concentrations of R. minima leaf extract, 2.99 cm 

growth was found, which shows the effect, while A. sessilis has a reduction of growth (2.85 cm) 

at 25 % w/v concentration. Callaway et al. (2005); Jensen &Ehler, (2010). Saadaouiet al.(2015), 

documented differential rates of inhibition on germination rate and root growth of different 

species by aqueous extract of Ricinus communis L. Aqueous extract of A. sessilisand the effect of 

sameon Pearl millet by Elavazhagan, (2013) was also reported to have more inhibitory effect on 

germination of Pearl millet. 

 

 

Figure 3: Comparative analysis of stem extracts of weed on germination of seeds 

 

 

Figure 4: Comparative analysis of leaf extracts of weed on germination of seeds 
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Table 1: Allelopathic effect of leaf and stem leachate of common weeds on Root length of 

Vigna radiata, Trigonella foenum-graecum 

Conc. 

(w/v) 

V. radiata T. foenum-graecum 

Stem Leachate Leaf Leachate Stem Leachate Leaf Leachate 

R. 

minima 

A. 

sessilis 

R. 

minima 

A. 

sessilis 

R. 

minima 

A. 

sessilis 

R. 

minima 

A. 

sessilis 

0% 3.64 2.08 3.64 2.08 0.8 1.6 0.8 1.6 

25% 1.86 2.3 0 3 0 1.26 0.9 1.68 

50% 0.7 2.24 4.34 0 0 1.66 1.08 0 

100% 1.9 2.14 2.64 1.5 0.6 1.5 0.86 0.6 

 

Table 2: Allelopathic effect of leaf and stem extracts of common weeds on Root length of 

Vigna radiata, Trigonella foenum-graecum 

Conc. 

(w/v) 

V.radiata T.foenum-graecum 

Stem Leachate Leaf Leachate Stem Leachate Leaf Leachate 

R. 

minima 

A. 

sessilis 

R. 

minima 

A. 

sessilis 

R. 

minima 

A. 

sessilis 

R. 

minima 

A. 

sessilis 

0% 8.9 8.44 8.9 8.44 5.4 4.32 5.4 4.32 

25% 5.77 5.54 6.78 4.11 5.25 4.6 4.7 2.85 

50% 8.34 9.54 7.42 5.79 4.58 4.96 2.99 4.13 

100% 5.79 6.82 8.98 6.19 3.67 5.78 3.15 4.17 

 

Shoot length 

The effect of leachate and extracts of stem and leaf of the weeds on shoot length were 

analysed. When compared within the stem leachates of weeds, the seeds of V. radiata had a 

negative effect at 25 % w/v concentration where the plumule length was nil. When the leachate 

was treated with fenugreek seeds, R. minima at 25 % and 50 % w/v concentration resulted in no 

growth of shoot. R. minima was found to have a high negative impact on T. foenum-graecum. 

The stem extracts show a decreased trend at 25 % w/v concentrations with regards to the 

seeds of V. radiata. in R. minima and A. sessilisas 5.89 cm and 5.24 cm, respectively, with 

regards to V. radiata. The stem extracts of R. minima showed reduced shoot length of T. foenum-
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graecum (3.37 cm) at 100 % w/v concentration. Leaf extracts of A. sessiliswere found to enhance 

the growth of the shoot/plumule.The leaf extracts of the weeds were found to enhance the shoot 

length of V. radiata. With regards to T. foenum-graecum, the shoot length was found to be 

increasing. At the same time, the leaf extracts of A. sessilis are used, while R. minima have a 

negative allelopathic effect where the shoot length is reduced (2.64 cm) at 50 % w/v 

concentration while comparing the control (6.05 cm). The shoot length increase than the control 

indicates the presence of compounds that stimulate shoot length. 

 

Table 3: Allelopathic effect of stem and leaf leachate of the two common weeds on shoot 

length (cm) of Vigna radiata, Trigonella foenum-graecum 

Conc. 

V. radiata T. foenum-graecum 

Stem Leachates Leaf Leachates Stem Leachates Leaf Leachates 

R. 

minima 

A. 

sesillis 

R. 

minima 

A. 

sesillis 

R. 

minima 

A. 

sesillis 

R. 

minima 

A. 

sesillis 

0 0.46 0.28 0.46 0.28 0.06 0.06 0.06 0.06 

25 0.48 0.48 0.46 0.6 0 0.26 0.06 0.06 

50 0.4 0.6 0.6 0.1 0 0.26 0.08 0 

100 0.72 0.46 0 1.9 0.02 0.4 0.06 0.04 

 

Table 4: Allelopathic effect of stem and leaf extracts of the two common weeds on shoot 

length (cm) of Vigna radiata, Trigonella foenum-graecum 

Conc. 

V. radiata T. foenum-graecum 

Stem Leachates Leaf Leachates Stem Leachates Leaf Leachates 

R. 

minima 

A. 

sesillis 

R. 

minima 

A. 

sesillis 

R. 

minima 

A. 

sesillis 

R. 

minima 

A. 

sesillis 

0 9 10.5 9 1.05 6.05 3.33 6.05 3.33 

25 5.89 5.24 8.5 8.05 5.03 4.15 4.86 4.15 

50 9.34 10.2 7.23 5.14 4.4 4.56 2.64 4.41 

100 9.58 8.54 9.38 8.19 3.37 4.55 3.5 4.81 
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Seedling length 

The seedling length was measured to find the total effect of the leachate and extract of 

various weeds on seeds of V. radiata and T. foenum-graecum. The stem leachates from the 

weeds on V. radiata show a steady decrease from the control in the extract of R. minima, but an 

increase in seedling length is found until 50 % w/v concentration in A. sessilis. The test seed T. 

foenum-graecum shows a decrease in both extracts of R. minima and A. sessilis. 

Table 5: Allelopathic effect of stem and leaf leachate of the two common weeds on 

seedling length (cm) of Vigna radiata, Trigonella foenum-graecum 

Conc. 

V. radiata T. foenum-graecum 

Stem Leachate Leaf Leachate Stem Leachate Leaf Leachate 

R. 

minima 

A.   

sesillis 

R.  

minima 

A.  

sesillis 

R. 

minima 

A.  

sesillis 

R.  

minima 

A.  

sesillis 

0 4.1 2.36 4.1 2.36 0.86 1.66 0.86 1.66 

25 2.34 2.78 0.46 3.6 0 1.52 0.96 1.74 

50 1.1 2.84 4.34 0.1 0 1.92 1.16 0 

100 2.62 2.6 2.64 1.3 0.62 1.3 0.92 0.64 

Table 6: Allelopathic effect of stem and leaf extracts of the two common weeds on 

seedling length (cm) of Vigna radiata, Trigonella foenum-graecum 

Conc. 

V. radiata T. foenum-graecum 

Stem Leachate Leaf Leachate Stem Leachate Leaf Leachate 

R.  

minima 

A.  

sesillis 

R.  

minima 

A.  

sesillis 

R.  

minima 

A.  

sesillis 

R.  

minima 

A. 

 sesillis 

0 4.7 4.32 4.7 4.32 2.8 0 2.8 0 

25 4 3.98 4.34 4.2 2.76 2.28 2.32 3.52 

50 3.36 4.3 3.6 1.4 2.26 0.9 1.64 1.54 

100 5.78 5.6 4.12 7.4 2.02 0.86 1.44 3.7 

 

Leaf leachate of A. sessiliswas found to inhibit the seedling length in the test seed T. 

foenum-graecum.Stem extracts concerning seedling growth were analysed (table 5) and the 

observed results show an increase in seedling length with both the stem extracts in V. radiata and 

T. foenum-graecum, except the stem extracts treated with T. foenum-graecum showed a decrease 

in the seedling growth. The leaf extracts were also studied, and the results indicate that the weed 

R. minima negatively impacts both the test seeds (table. 6). 
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Seedling Vigour Index (SVI) 

The SVI of green gram was significantly influenced by the leachate and aqueous stem 

and leaf extract of R. minima at 50 % w/v concentrations. R. minima in control had an SV index 

of 1456 and 240 for V.radiataand T. foenum-graecum seeds. 

 

Table 7: Allelopathic effect of stem and leaf leachate of the two common weeds on SVI of 

Vigna radiata, Trigonella foenum-graecum 

 

Table 8: Allelopathic effect of stem and leaf extracts of the two common weeds on SVI of 

Vigna radiata, Trigonella foenum-graecum 

 

Among the stem, leachates used R. minima had a high vigour index at 25% dilution, 

while 50 % dilution showed a reduced vigour. This states that higher concentration enhances the 

seed vigour. Stem leachate of A. sessilishas a higher SVI for V. radiata and T. foenum-graecum 

at 25 % (1150) and 50 % (830) respectively. In an overall nutshell, the stem leachate of the 

weeds is found to increase SVI of V. radiata seeds, while it was less for T. foenum-graecum. 

Conclusion: 

         The selected two weedsRhynchosia minima and Alternanthera sessiliswere observed to 

have a good AA %. The allelopathic potential of the study material was tested with seeds of 

Vigna raidata and Trigonella foenum-graecum seeds and observed that R. minima and A. sessilis 

R. minima A. sesillis R. minima A. sesillis R. minima A. sesillis R. minima A. sesillis

0 1456 1040 1456 1040 240 800 240 800

25 7444 1150 0 1500 0 630 360 336

50 210 1120 2170 0 0 830 432 0

100 950 642 1056 750 240 750 344 120

T. foenum-graecumV. radiata
Conc. 

w/v
Stem Leachate Leaf Leachate Stem Leachate Leaf Leachate

R. minima A. sesillis R. minima A. sesillis R. minima A. sesillis R. minima A. sesillis

0 1640 1320 1640 1320 820 928 820 928

25 900 0 0 0 900 600 1000 0

50 1430 1640 0 400 560 1090 0 0

100 0 650 1520 200 720 930 420 860

Conc. Stem Extract Leaf Extract Stem Extract Leaf Extract

V. radiata T. foenum-graecum
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leaf extract shows a decreasing trend of SVI, but not a constant decrease. The results indicated 

that the effects of stem and leaf leachates of A. sessilis on the test species negatively impacted all 

the growth parameters. A. sessilis affects the growth of V. radiata and T. foenum-graecum when 

compared to R. minima. 
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Abstract: 

Green synthesis of nanoparticles finds immense applicability in biomedical field. In the 

present study antimicrobial and antioxidant activities of silver nanoparticles synthesized from 

aqueous extractof Piper longum seeds were evaluated. The antibacterial and antifungal potential 

of synthesized nanoparticles is evaluated using agar well diffusion assay. In vitro antioxidant 

activities were studied using diphenyl- picryl- hydrazyl (DPPH) assay and total antioxidant 

assay. The synthesized nanoparticles showed promising antimicrobial activities against studied 

test bacteria and fungi. The nanoparticles also possess high antioxidant potential. Thus the silver 

nano particles from piper longum seeds can be used as potent antimicrobial and antioxidant 

agents that that can be used to reduce oxidative stress related diseases and control the bacterial 

and fungal pathogens. 

Keywords: Antimicrobial, Antifungal, free radicals, inhibition, antioxidant. 

Introduction:  

In recent era, Nanotechnology acts as a Multidisciplinary field providing targeted 

applications in the areas of diagnostics, antimicrobial agents, drug delivery, cell labeling and 

cancer therapy ( Nel et al., 2006). Due to less toxic nature and potential antimicrobial activity, 

silver nanoparticles are considered as one of the important nanoparticles. Silver nanoparticles 

reported considerable antioxidant bactericidal, antifungal, antioxidant and anti inflammatory 

effects (El - Chaghaby & Ahmad, 2011; Veerasamy et al., 2011). 

Synthesis of nanoparticles using biomaterials, like plant products and microorganisms 

have been documented (Rajjou et al., 2012; Chen & Arora, 2015; Thakkar et al., 2009) and 

found effective due to their cost efficient, eco-friendly and simplicity in preparation (Mittal et 

al., 2014). 
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Piper longum is commonly known spice plant in different Indian regions including 

subcontinent and referred as pippali or long pepper (Yadav et al., 2019). The main chemical 

constituents found in Piper longum are piperine which is an alkaloid with pungent 

characteristics. It is a pain reliever, rejuvenator and recovers intestinal discomfort. The seeds of 

Piper longum are bitter in taste and known for its stomachic, abortifacient, aphrodisiac and 

digestive properties. In the present study an aqueous extract of Piper longum seeds was used for 

synthesis of silver nanoparticles and characterized using UV - visible spectroscopy, Fourier 

transform infrared spectroscopy (FTIR) and checked for their antioxidant and their antimicrobial 

potential. 

Material and Methods: 

1) Sampling and Preparation of extract 

Dried seeds of Piper longum were collected from local market of Nanded, Maharashtra, 

India during March 2018. The seeds were ground to get fine powder 1 gm of dried powder was 

added to 100 ml distilled water in a 250 ml capacity glass beaker. The extract was prepared on a 

magnetic heating stirrer at 80°C for 15 min. The contents were filtered using Whatman filter 

paper no. 1 and stored at 4°C for synthesis of silver nanoparticles and evaluation of bioactivities. 

2) Synthesis of Silver nanoparticles. 

Silver nanoparticles of Piper longum seed extract were prepared as per the method 

described by Reddy et al. (2014). Briefly 0.1% silver nitrate solution and Piper longum seed 

extract (1%) were mixed vigorously in 1:1 proportion and incubated at room temperature in dark 

for 2 hrs. Change in color of silver nitrate solution from colorless to brown yellow was 

considered as an indication for nanoparticle synthesis. This was further confirmed by UV-visible 

spectroscopy. The synthesized nanoparticles were repeatedly centrifuged at 11,500 rpm for 20 

min to remove any impurities. The extract was washed with distilled water and further dispersed 

in deionized water for Characterization. 

3) Characterization of Piper longum nanoparticles. 

The spectral analysis of synthesized silver nanoparticles was carried out by using UV - 

visible spectrophotometer (Shimadzu) and in the range of 300-700nm at varied time intervals. 

The FITR spectrometric analysis was recorded on FITR spectrophotometer (Perkin Elmer, Inc 

USA). 

4) Determination of total Phenolic content. 

Folin- ciocalteu reagent method (Clarke et al., 2013) was used to determine the phenolic 

content of synthesized nanoparticles. Briefly 200 µl of sample was mixed with 900 µl of Folin - 

ciocalteu reagent and 900 µl of 6% sodium carbonate. Tje mixture was incubated at room 
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temperature for 30 min. DMSO and Gallic acid were as negative and positive controls 

respectively. The phenolic content was expressed as gallic acid equivalents. 

5) Determination if total flavonoid content. 

The colorimetric method described by Bibi et al. (2012) was used to determine total 

flavonoid content of synthesized nanoparticles. The reaction mixture containing 100 µl samples, 

500 µl aluminum chloride (10%), 500 µl potassium acetate (1M) & 1000 µl distilled water was 

incubator at room temperature for 30 min & the optical density was recorded at 415 nm. 

Quercetin (0 - 10 µg) & DMSO were used as positive and negative controls respectively. The 

total flavonoid content was expressed as quercetin equivalents. 

6) Evaluation of antioxidant potential. 

Antioxidant potential of synthesized nanoparticles was evaluated by using DPPH free 

radical scavenging assay (Clarke et al., 2013) and total antioxidant assay (Banarjee and 

Narendrhirakann, 2011). Ascorbic acid was used as reference control. 

7) Evaluation of Antibacterial potential 

The bacterial strains Staphylococcus aureus, Bacillus subtilis, Salmonella typhi and 

Escherichia coli were used to evaluate antibacterial potential of synthesized nanoparticles using 

agar well diffusion method. Active cultures of bacterial strains were spread inoculated on the 

surface of solidified nutrient agar plates. Wells of 5mm diameter were made on the agar surface 

using alcohol sterilized cork borer. 20 µl of sample were loaded in the wells and allowed to 

diffuse for 30 min in refrigerator. The plates were then incubated at 37°C for 24hrs. The diameter 

zones of inhibitions were measured. 

8) Evaluation of Antimicrobial activity 

Antifungal activity of synthesized nanoparticles was studied against Candida albicans, 

Ustilago mydius, Aspergillus flavus and Aspergillus niger.The active test culture or spore 

suspension of test fungi were inoculated on the surface of potato dextrose agar and wells of 5mm 

diameter were made as described above. The wells were loaded with sample and after diffusion 

the plates were incubated at 28 ± 2ºC for 24 to 48 hours. The zones of inhibitions around the 

wells were measured. 

Results and Discussion: 

In the present study, silver nanoparticles of Piper longum seed extract were prepared and 

tested primarily for their total phenolic and flavonoid content, antioxidant and Antimicrobial 

activities. Green synthesis of nanoparticles finds immense applicability in the field of modern 

nano technology due to eco-friendliness, non toxic nature and ease for large scale production 

(Kalishwaralal et al., 2008). Piper longum is medicinally important plant known for treating 
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gonorrhoea, tuberculosis, respiratory tract infections, arthritis, gut associated and menstrual pain 

(Mehta et al., 1998). Silver plays an important role in development of antimicrobial agents in 

treating the threat posed by antibiotic resistant microbes (Vyon et al., 2009; Panaek et al., 2006). 

Identification of synthesized silver nanoparticles from piper longum seeds was done by 

observingcolor change from colorlessto brown yellow after addition of piper longum seed 

aqueous extract in silver nitrate solution (Nogino et al., 2007). 

UV spectrophotometric analysis of synthesized nanoparticles showed maximum 

absorption at a wavelength of 430 nm. similar absorption maxima were observed in time 

dependent studies carried out using Piper longum fruit extract (Reddy et al., 2014) and Dilleviia 

fruit extract (Susmita et al., 2013) 

FTIR spectra of aqueous extract of Piper longum revealed the presence of different 

functional groups. The presence of phenolic -OH group at 3240.17 cm-1 and corresponding-CH 

stretching of phenol group at920.5 cm-1. The presence of phenolic group in Piper longum seed 

extract might have contributed for capping and stabilization of silver nanoparticles. The presence 

of phenolic compounds were also confirmed by counting the phenolic and flavonoid content in 

aqueous extract and found in nanoparticles. The total phenolic and flavonoid contents of 

synthesized nanoparticles were recorded to be 18±0.3µg of Gallic acid equivalent / mg and 4.58 

±0.62 µg of quercetin equivalents / mg of nanoparticles. 

The DPPH activity testing showed that both Piper longum extract and synthesized 

nanoparticles were effective in scavenging of free radicals with 43.16 % and 48.29 % 

respectively. The nanoparticles also showed higher total antioxidant (52.61 ± 0.6 ascorbic acid 

equivalents) activity than found in extract. Ascorbic acid equivalents (40.18 ± 0.32) 

The antimicrobial activities of Piper longum extract and synthesized nanoparticles were 

studied against 4 bacterial 4 fungal pathogens. Both the extract and nanoparticles showed 

antibacterial and antifungal potential. However the activities were higher in nanoparticles as 

compared to aqueous extract. The Piper longum nanoparticles also showed higher inhibition 

zones against fungi as compared to bacteria. Similar studies were reported by Reddy et al. (2014) 

and phull et al. (2016). The metallic nanoparticles act by weakening DNA replication and 

inactivating the proteins (thus acts as antimicrobial substance. (Feng et al., 2000) .Antimicrobial 

activities of plant based silver nanoparticles have been studied and reported extensively (Vivek 

et al., 2011; Reddy et al., 2014). The results in the present study clearly indicated the 

antimicrobial potential of synthesized nanoparticles against bacterial and fungal pathogens. 
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Figure 1: UV –Visible spectrum of synthesized silver nanoparticles 

 

Table 1: Antibacterial activity of synthesized nanoparticles 

Sr. No. Name of the Bacteria Gram Nature Zone of inhibition (mm) 

1 Staphylococcus aureus +ve 10 

2 Bacillus subtilis +ve 11 

3. Escherichia coli -ve 13 

4.  Salmonella typhi -ve 15 

 

Table 2: Antifungal activity of synthesized nanoparticles 

Sr. No. Name of the Fungus Zone of inhibition (mm) 

1 Candida albicans 15 

2 Ustilago maydis 10 

3 Aspergillus flavus 17 

4 Aspergillus niger 11 

 

Conclusion: 

In the present study, the silver nanoparticles with antioxidant and Antimicrobial potential 

were synthesized using piper longum seed extract using cost efficient approach. The promising 

antioxidant and Antimicrobial ability of synthesized nanoparticles will be beneficial to treat 

oxidative stress related disorder and diseases due to fungal and bacterial pathogens. 
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Abstract:  

India is one of the mega biodiversity countries in the world and occupies the ninth 

position in terms of freshwater biodiversity. The objective of the present study was to document 

the fish species present in the Bhadra and Yagachi rivers of Karnataka. The photographs of fish 

samples were collected from the fish landing centres of Yagachi and Bhadra River.  Fish species 

were identified with the aid of taxonomic keys and field guides (manual of practical zoology 

chordates).  In the present study total 20 species of fishes were reported. Among 20 species, 

7species belongs to the order Cypriniformes, 5 species belongs to the order Siluriformes, 3 

species belongs to the order Perciformes, two species belongs to the order Cichliformes and 

order Anguilliformes, Osteoglossiformes and Characiformes each with1 species.Yagachi and 

Bhadra rivers supports rich fish diversity. 

Keywords: Fresh water biodiversity, Bhadra river, Yagachi river, Fish species, Cypriniformes. 

Introduction: 

Biodiversity is an important biological resource and strength of the developing countries. 

India is one of the top twelve mega diversity countries. Biodiversity is essential for stabilization 

of ecosystem protection overall environmental quality for understanding intrinsic worth of all 

species on the earth (Ehrlich and Wilson, 1991). Karnataka, the eighth largest State in India, is 

situated on the western edge of the Deccan plateau. The climate and physiography of the region 

make the State one of the most important in the country with regard to water resources. 

Karnataka has been harnessing these resources to the fullest extent over the years, creating a 

chain of storage reservoirs all over the State. The four physiographical regions of the State are 

the coastal region, the Malnad, the northern plains and the southern plains. The coastal region is 

a 240 km wide strip of land between the Arabian Sea and the Western Ghats, covered mainly 

with the alluvium deposited by the short, turbulent, west-flowing rivers, receiving an annual 

rainfall of 250 cm. Malnad is the undulating land lying east of Western Ghats at an average 

elevation of 150 m, with many tall peaks. With a wet, hot climate and a rainfall of 250 cm per 

year, the region has thick forest cover. The northern and southern plains are a part of the Deccan 
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plateau, with the characteristic dry, semi-arid climate and scanty rainfall of 50 to 75 cm per year 

(FAO, 2019). The fish fauna occupying the riverine ecosystems of Karnataka are diverse. About 

21,723 living species of fish have been recorded in the world of these 8,411 are freshwater 

species and 11,650 are marine forms. India is one of the mega biodiversity countries in the world 

and occupies the ninth position in terms of freshwater biodiversity (Mittermeier and Mitemeir, 

1997). In India there are 2,500 species of fishes of which 930 live in freshwater and 1,570 are 

marine (Kar et al., 2003). Fishes are not only important indicators of ecological health and the 

abundance, but also maintain a balance in the food chain by consuming plankton and small 

animals and form food for many animals. This balance in food chain may be affected due to 

pollution in aquatic system. In addition, there are many threats to fish diversity such as 

construction of dam, which block the spawning migrations and introduction of exotic species and 

over fishing. Therefore, knowing the status of fish fauna is indispensible to prevent the loss of 

particular species (Ramanjaneya and Ganesh, 2016; Thirumala and Kiran, 2017). The objective 

of the present study was to document the fish species present in the Bhadra and Yagachi rivers.  

Materials and Methods: 

Study area 

The Yagachi River arises in the Western Ghats near the city of Chikkmagaluru, flows 

through Belur Taluka Hassan District, where it becomes a tributary of the Hemavati River, which 

it enters near Gorur. It has a small tributary called Votehole or Watehole. Votehole dam is built 

on the stream near Rajanahalli. The Yagachi dam was constructed in the year 2001. The 

reservoir is situated at an altitude of 965 meters above the sea level. The length of the Yagachi 

dam is 1280 meters. The maximum height above the foundation of the reservoir is 26.237 

meters. Yagachi dam has a Gross Storage Capacity of 3.17 TMCft. Its catchment area extends 

from south of Mullayyanagiri (Bababudan Range) to Gorur Dam. 

The Bhadra river originates at Gangamoola near Kudremukha, Western Ghats range, and 

flows east across the southern part of Deccan Plateau, joined by its tributaries the Somavahini 

near Hebbe, Thadabehalla, and Odirayanahalla. It flows through the towns of Kudremukh, 

Kalasa, Horanadu, Haluvalli, Balehonnur, Balehole and Narasimharajapura (N.R Pura). The 

Bhadra Dam is built across the river at BRP -Bhadravathi, Karnataka, which forms the Bhadra 

reservoir (186 ft). From here the river continues its journey through the city of Bhadravathi, 

Karnataka. The Bhadra meets the Tunga River at Koodli, a small town near Shimoga. The 

combined river continues east as the Tungabhadra, a major tributary of the Krishna, which 

empties into the Bay of Bengal. 
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Figure 1: Location map of study area 

 

Fish collection and identification 

The photographs of fish samples were collected from the fish landing centres of Yagachi 

and Bhadra River. The fish samples were collected using fishing gears, drag net, seine net, gill 

net etc, by the fishermen. Fish species were identified with the aid of taxonomic keys and field 

guides (Jayram, 1981; Arunkumar and Manimekalan, 2018).  

Result and Discussion: 

In, the present study total 20 species of fishes were reported. Among 20 species, 7species 

belongs to the order Cypriniformes, 5 species belongs to the order Siluriformes, 3 species 

belongs to the order Perciformes, two species belongs to the order Cichliformes and order 

Anguilliformes, Osteoglossiformes and Characiformes each with 1 species (Table 1). 

Table 1: List of fishes recorded from Yagachi and Bhadra river 

Sl.No Classification Local Name Scientific Name IUCN Status 

 Order – Cypriniformes 

    1 Family-Cyprinidae  Catla Catla catla LC 

    2  Rohu Labeo rohita LC 

    3  kolasa Labeo calbasu LC 

    4  Gowri Cyprinus carpio VU 

    5  Mrigal Cirrhinus  mrigala LC 

    6  Arja Cirrhinus cirrhosa VU 

    7  White amur bream Parabramis 

pekinensis 

NE 
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 Order –Siluriformes 

    8 Family-Bagridae Girlu Mystus cavasius LC 

    9  Chittu-girlu Mystus vittatus LC 

    10 Family-Siluridae Godale Ompok 

bimaculatus 

NT 

   11 Family-Claridae                                              Murugodu Clarias batrachus LC 

   12 Family-Pangasidae Polgoker Pangasius 

pangasius 

LC 

 Order –Perciformes 

   13 Family-Channidae Common murrel Channa striatus LC 

   14  Large murrel Channa morulius LC 

   15  Murrel(snakehead) Channa punctatus LC 

 Order –Cichliformes 

   16 Family-Cichlidae     Nile tilapia Oreochromosis 

niloticus 

LC 

   17  Jalebi Oreochromosis 

mossambicus 

NT 

 Order –Anguilliformes 

   18 Family-Anguillidae Eel Anguilla bicolor NT 

 Order –Osteoglossiformes 

   19 Family-Notopteridae Chappali Notopterus 

notopterus 

LC 

    

The species belonging to the family Cyprinidae were found to be most dominant 

constituting 7 species. The same observations were also made by Venkateshwaralu et al. (2007). 

As per as biodiversity status (IUCN) is concerned, out of 20 species, 13 species were lower risk, 

least concerned (65%). Two species were vulnerable (10%). Three species were near threatened 

(15%), and remaining one species was included under the category of not assessed (5%) (Table 

1), which is supported by other studies also (Singh et al., 2006). Thirumala and Kiran (2016) 

worked on the cyprinid fish diversity of three lentic water bodies in relation to physico-chemical 

parameters in Shimoga district of Karnataka. They identified 15 cyprinid fish species and as far 

as biodiversity status (IUCN), is concerned, out of 15species, 5 species are LR-nt (33.33 %), 2 

species as LR- Ic (13.33%) and NA and VU each with 26.67 % respectively. The percent 
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representation of different families of fishes recorded in river Yagachi is depicted in pie chart 

Fig.2. As per this the dominant species belongs to the family Cyprinidae (30%) and family 

Channidae, Siluridae, Claridae, Pangasidae, and Cichlidae with 14 % each (Fig1). 

 

  

Catla catla Labeo rohita 

  

Labeo calbasu Cirrhinus cirrhosa 

  

Parabramis pekinensis Mystus cavasius 

  

Ompok  bimaculatus Mystus vittatus 

  

Pangasius pangasius Channa punctatus 
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Oreochromosis niloticus Oreochromosis mossambicus 

  

Notopterus notopterus Piaractus brachypomus 

  

Clarius batracus Anguilla bicolor 

  

Table 2: Fish diversity status in Yagachi and Bhadra river 

Sl.No Scientific Name Yagachi Bhadra 

    1 Catla catla + - 

    2 Labeo rohita + - 

    3 Labeo calbasu - + 

    4 Cyprinus carpio - + 

    5 Cirrhina mrigala - + 

    6 Cirrhinus cirrhosa - + 

    7 Parabramis pekinensis - + 

    8 Mystus cavasius - + 

    9 Mystus vittatus - + 

   10 Ompok bimaculatus + + 

   11 Clarias batrachus + + 

   12 Pangasius pangasius + - 

   13 Channa striatus + - 

   14 Channa morulis - + 

   15 Channa punctatus - + 

   16 Oreochromosis niloticus - + 

   17 Oreochromosis mossambicus + + 

   18 Anguilla bicolor - + 

   19 Notopterus notopterus - + 

   20 Piaractus brachypomus - + 
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Figure 2: Percentage occurrence of families of fishes in river Yagachi 

 

Figure 3: Percentage occurrence of families of fishes in river Bhadra 

 

In the River Bhadra, The species belonging to the family Cyprinidae were found to be 

most dominant constituting 31%, followed by the families Bagridae, Channidae and Cichlidae 

with 13% each, the families Siluridae, Claridae,  Anguillidae, Notopteridae and Serrasalmidae 

with 6% each (Fig.3).                                     
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The river Bhadra supported good fishery production, whereas the river Yagachi did not 

support good fishery production. The Bhadra river has more area and has more tributaries like-

Somavahini, Thadabehalla, and Odirayanahalla that joins the Bhadra river. Whereas the Yagachi 

river is smaller than the Bhadra river. The Yagachi River itself becomes a tributary of the 

Hemavati River. This makes Yagachi River less diverse than the Bhadra River. Generally, 

greater heterogeneity leads to more niches available for exploration and more species exploiting 

those niches. Hence, a river that varies in width, depth, organic matter, available sunlight, and 

other biophysical characteristics is going to be more diverse that a river that is consistent in those 

same factors. A higher level of total suspended solids in the water is linked to lower diversity. 

Damming rivers or changing their flow is typically harmful and leads to lower diversity, as does 

pollution and the introduction of invasive species. The present study shows that the Bhadra River 

has more species when compared to the Yagachi River.  

Conclusion: 

The present study shows the record of 20 freshwater fish species. The river Bhadra 

supported good fishery production than Yagachi river. Fresh water fishery is an important sector 

and major boost of our national economy. From the current study, it is evident that Yagachi and 

Bhadra rivers supports rich fish diversity.  Fresh water fishery is an important sector, but  the 

discharge of agricultural wastes from the surrounding areas, poses a threat to fish diversity, 

which could be monitored and checked regularly to save these fish fauna. The present work will 

helpful in planning as well as in the management of sustainable fisheries and conservation of 

natural resources.  

References: 

Arunkumar A. A. and A. Manimekalan (2018). Fish fauna of southern Western Ghats, India.     

Earth   Syst. Sci. Data, 10, 1735–1752. 

Ehrlich, P.R. and Wilson, E.O. (1991). Biodiversity Studies: Science and Policy. Science, 253, 

758-762 

https://www.fao.org/3/v5930e/V5930E06.htm 

Jayaram K. C. (1981). The freshwater fishes of India, ZSI, 1-438. 

Kar, D., Kumar, A., C. Bhora and Singh, L.K. (2003). Fishes of Barak drainage, Mizoram and 

Tripura, In: Environment, Pollution and Management, APH PublishingCorporation, New 

Delhi, 604: 203-211. 

Mittermeier, R.A. and Mitemeir, C.G. (1997). MegadiversityEarth’s biologically wealthiest 

Nation. In mc Allister, D.E. A Lttamiltion and B. Harvery (Eds). Global fresh water 

biodiversity sea wind cemex, mexico city, pp:1-140. 

https://www.fao.org/3/v5930e/V5930E06.htm


Frontiers in Life Science Volume V 

    (ISBN: 978-93-91768-54-6) 

135 
 

Ramanjaneya  and  Ganesh  C.  B. (2016).  Fish  faunal  diversity  in  Tungabhadra  Reservoir,  

Hosapete, Ballari District, Karnataka. International Journal of Research in Fisheries and 

Aquaculture 2016; 6(2): 21-25.  

Singh, S., Omprakash, M., S. Chari and Vardia, H. K. (2006): Diversity of fish fauna in 

catchment of Mahanadi River in Raipur District of Chhattishgarh. Environment & 

Ecology, 24 (1), 165-169. 

Thirumala S. and B. R. Kiran (2017). Ichthyofaunal Diversity in Duglapura Lake of 

Chikmagalur District, Karnataka, International Journal of Applied and Advanced Scientific 

Research, Volume 2, Issue 2, Page Number 31-35. 

Venkateshwarlu, M., Jothi, Srigowri and Asha Shree, H.M. (2007). Proceedings on 

“Diversity and Life processes from Ocean and Land”.  Goa University. Goa. pp: 156-159. 

 

 

 

 

 

 

 

 

 

 





 

 

 

 

 


