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Reproduction Traits of the Native Chicken Variety 
Maintained at College of Poultry Production 

and Management, Hosur 

P. Thirunavukkarasu1,*, P. Shamsudeen2, G. Raj Manohar2, N. Murali1, D. 
Anandha Prakash Singh1 

1Veterinary College and Research Institute, Tamil Nadu Veterinary and Animal 
Sciences University, India 

2College of Poultry Production and Management, Tamil Nadu Veterinary and Animal 
Sciences University, India

A B S T R A C T

The reproduction parameters of the Native chicken variety were maintained at College of Poultry 

Production and Management (CPPM), Hosur and were studied at Poultry Farm Complex (PFC), 

Veterinary College and Research Institute, Namakkal during the period between April 2020 and April 

2021. The reproduction parameters like Hen day egg production (HDEP), Hen housed egg production 

(HHEP), Hen housed hatching egg production (HHHEP), Fertility and Hatchability were studied. The 

Native chicken variety attained sexual maturity (149 days) much earlier than other native chicken in 

India. The results of hen housed egg production (No.) were 40.0±0.45 and 66.6±0.60 up to 40th and 52nd 

week, respectively. Fertility (per cent) of the Native chicken variety ranged between 93.1±0.21 and 

95.9±0.32 with an average of 94.68 per cent. The recorded hatchability (TES) up to 52 weeks had ranged 

between 82.8±0.55 and 88.1±0.07 with an average hatchability of 85.70 per cent. The reproduction traits 

were higher than many other indigenous chicken with mean hatchability of 85.0 per cent, fertility of 94.8 

per cent and production of 45.6 chicks per hen during the production period of 52 weeks. 

Keywords  Native Chicken, Hen Day Egg Production, Hen Housed Egg Production, Fertility and 

Hatchability 

1. Introduction 

 Poultry farming is one of the fast-growing industries in India in which the organized sector of poultry 
industry is contributing nearly 67 per cent of the total output and the rest 33 per cent by the unorganized 
sector. The total egg production in India from commercial poultry is 95.17 billion and backyard poultry 
is 19.21 billion contributing 83.20 per cent and 16.80 per cent of the total production of eggs, 
respectively [1]. Native chickens are reared in a free-range extensive system with very little input in the 
form of grain or farm by-products and contribute to the unorganized sector in India. The average 
productive output of native chicken is very low, with 60 - 70 eggs per bird per annum. 

Faruque et al. [2] stated that the indigenous chicken populations have the privilege of superiority over 
exotic chicken breeds due to several desired characteristics like broodiness, self-defense from 
predators, adaptability to adverse environments, disease resistance, lesser health care requirements, 
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characteristic taste and flavour of the meat, brown shelled eggs, rich in threonine and valine and a better 
price for the indigenous poultry products. Assefa and Melesse [3] found that the indigenous chicken 
contributes high quality animal protein in the form of eggs and meat for home consumption as well as for 
sacrifices and are also easily managed by all even the poorest of the poor including women and children. 
The demand for indigenous chicken is very high since their products are more preferred in comparison 
to commercial poultry due to better flavour, lower cholesterol content and higher amino acids 
(Threonine and Valine) in the eggs and lean as well as pigmented meat rich in amino acids (Arginine and 
Lysine). Indigenous chicken breeds are pushed to extinction because of commercialization of poultry 
systems and the lack of breeding programmes to improve the production potential. In view of the 
importance of indigenous poultry breeds under backyard production systems, breeding strategies to 
improve the productivity of native chicken should be considered without compromising their native 
characteristics such as hardiness, better immune status, flight, broodiness, etc. However, consumer 
preferences at market are dictated by brown shell colour and small size egg, etc. The native chicken 
variety is distributed to the farming community of the area and is well received by the community for 
backyard rearing. The Native chicken variety attained sexual maturity (149 days) much earlier than 
other native chicken in India. The results of hen housed egg production (No.) were 40.0±0.45 and 
66.6±0.60 up to 40th and 52nd week, respectively. The reproduction traits were higher than many other 
indigenous chicken with mean hatchability of 85.0 per cent, fertility of 94.8 per cent and production of 
45.6 chicks per hen during the production period of 52 week. 

2. Research and Methodology 

A Sum of 60 male birds and 460 female birds (out of 540 growers of each sex) were selected and reared 
in four replicates of 15 male and 115 female birds with a mating ratio of 1:8 in each replicate under a deep 
litter system Poultry Farm Complex, Veterinary College and Research Institute, Namakkal and the 
parameters like Hen day egg production, Hen housed egg production, Fertility and Hatchability were 
studied from 21-52 weeks of age. A sex separated feeding was followed during the breeding period (21-
52 weeks of age) in which males were given with male breeder diet (ME 2604 kcal/kg and crude protein 
16 per cent) in height adjusted feeder and females were given female breeder diet (ME 2635 kcal/kg and 
crude protein 17 per cent) based on nutrient specifications for layer breeder chicken. The experimental 
birds were protected and maintained under standard vaccination and bio-security protocols. 

2.1. Production Traits 

2.1.1. Body weight and Body Weight Gain 

Individual sex wise body weights (g) were recorded at weekly intervals up to 52 weeks of age by using 
an electronic weighing balance nearest to 1.0 g accuracy. 

2.2. Reproduction Traits 

2.2.1. Feed Consumption and Feed Conversion Ratio 

Feed consumption (g) was recorded at weekly interval up to 52 weeks of age and FCR for female pullets 
were calculated in terms of FCR per kg egg mass and dozen eggs during laying period. FCR was 
calculated as follows:
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 2.2.2. Age at Sexual Maturity/Age at First Egg 

Age at sexual maturity of a bird was recorded in days when the first egg was laid. The average period in 
days from the date of hatch to the date of the first egg laid was calculated as age at sexual maturity and 
was expressed in days. 

2.2.3. Body Weight at Sexual Maturity 

The body weight (g) of the bird was recorded soon after the first egg was laid. The birds were weighed on 
a single pan balance to the accuracy of one gram. 

2.2.4. Egg Production 

During the experimental period, the egg production was recorded daily. Based on the data, egg 
production was calculated in terms of weekly hen day (per cent) and cumulative hen housed (number) 
egg production. Sample egg weight was recorded at weekly intervals. 

2.2.4.1. Rate of Lay 

The continuous laying of eggs without pause on a particular day of production and Hen day egg 
production is calculated as follows:

2.2.4.2. Peak Production 

The highest per cent of egg production was achieved at particular week, followed by a decrease in 
subsequent week. 

2.2.4.3. Age at 50 % Production 

The age at which the flock reaches 50 % of their egg production from its total egg produced. 

2.2.5. Fertility and Hatchability 

The reproductive performance of native chicken under an intensive system of rearing was studied from 
21 to 52 weeks of age. All settable eggs obtained in a week were incubated at weekly intervals. All the 
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settings were analysed to record the average fertility and hatchability of the total egg set (TES) and 
fertile egg set (FES) and were calculated.as follows:

3.Statistical Analysis

 The data on egg production, fertility and hatchability were analysed using the descriptive method of 
statistical analysis. 

4.Results and Discussion

 4.1. Body Weight at Breeder Phase 

The mean (±S.E.) body weight (g) of the Native chicken variety maintained at CPPM, Hosur from 21 to 
52 weeks of age is presented in Table 1. The body weight of male and female at 40th week was 
2570.3±15.34 and 1726.18±15.01g, respectively. The body weight of male and female at 52nd week 
was 2709±7.21 and 1883.43±8.04 g, respectively. The average weekly body weight gain during the 
period ranges between 20 and 40 g with an average gain of 25 g in male, ranges between 15-20 g with an 
average gain of 17 g in females. 

The Native chicken variety of CPPM has a higher body weight than native chicken of Jharkhand [4] and 
native chicken variety of Belagaum division of Karnataka [5] at the 32nd week of production, Aseel 
chicken at the 40th week of age [6] and the 48th week of age [7], native chicken variety of Belagaum 
division of Karnataka at 52nd week [5] and falls within the range of findings of Qureshi et al. [8] in Aseel 
chicken. 

4.2. Feed Efficiency in Laying Phase 

The mean (±S.E.) weekly and cumulative feed efficiency per dozen eggs and per kg egg mass of Native 
chicken variety maintained at CPPM, Hosur from 21 to 52 weeks and is presented in Table 2 and Table 3, 
respectively. The feed efficiency per dozen eggs ranged between 6.5±0.28 and 4.6±0.14 from the 30th 
week to the 52nd week of age. Similarly, the feed efficiency per kg egg mass ranged between 12.1±0.68 
and 7.4±0.20 from the 30th week to the 52nd week of age.
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The feed efficiency per dozen eggs observed in the present study is better than native chicken variety of 
Mysore division of Karnataka [9], in native chicken variety of Bangalore division of Karnataka [10], 
native chicken of Tiruvannamalai [11] and native chicken variety of Belagaum division of Karnataka [5] 
and the feed per kg of egg mass is better than native chicken in Tiruvannamalai was observed by 
Balamurugan et al. [11]. 

4.3. Age at Sexual Maturity / Age at First Egg 

The age at sexual maturity / age at first egg of the Native chicken variety maintained at CPPM, Hosur in 
the present study was recorded as 149 days of age. The population of the Native chicken variety attained 
5 per cent hen day egg production at 165 days of age. 

The age at sexual maturity of the Native chicken variety observed in the study coincides with Miri 
chicken in Umiam [12], Aseel chicken in Bangladesh [13, 14] and TANUVAS Aseel chicken [15]. The 
age at sexual maturity is earlier than Aseel chicken [12], native chicken in Andhra Pradesh [16] and 
Aseel chicken in Haryana [17]. 

4.4. Body Weight at Sexual Maturity 

The mean (±S.E.) body weight of the female sex of the Native chicken variety maintained at CPPM, 
Hosur in the present study at sexual maturity was observed as 
1438±14.06 g.
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4.5. Egg Production 

The mean (±S.E.) hen day egg production (HDEP), hen housed egg production (HHEP) and hen housed 
hatching egg production (HHHEP) of the Native chicken maintained at CPPM, Hosur from 21 to 52 
weeks is presented in Table 4. The graphical representation of HD, HHEP and HHHEP of the Native 
chicken variety from 21 to 52 weeks of age is depicted in Figure 1. 

The result revealed that the HDEP reached peak  production at 30th week of age with 45.3 per cent. The 
HDEP between 37 and 45 per cent was maintained between 27th and 38th week of age and HDEP 
between 30 and 37 cent was maintained between 39th and 51st week of age. The HHEP (No.) of the 
Native chicken variety at 40th week and 52nd week of age was 40.0±0.45 and 66.6±0.60, respectively. 
The result indicates that the variety showed good post peak sustainability of egg production. The 
HHHEP (No.) of the Native chicken variety at 40th week and 52nd week of age was 26.6±0.35 and 
respectively. The result on HHHEP indicates that variety produced noticeable number of HHHEP 
suitable for hatching egg production and subsequent chick production. 

The observed egg production in the present study is higher than the egg production observed in native 
chicken of Mysore division of Karnataka [9], in native chicken of Bangalore division of Karnataka [10], 
in Aseel chicken at 40th week in Hyderabad [18], in native chicken of Belgaum division of Karnataka 
[5], native chicken in Gulburga division of Karnataka [19]. The egg production however is comparable 
with egg production of Aseel chicken at Hyderabad [12], Aseel chicken at 40th week of age [14], Aseel 
chicken at 52nd week [18] and in TANUVAS Aseel chicken [20]. 

The observation of the study indicates that the variety is comparable with Aseel or other native chicken 
varieties of India in egg production and hence, the variety could be used under backyard rearing for 
production of premium price native chicken eggs. 

4.6. Fertility and Hatchability 

The mean (±S.E.) fertility, hatchability (Total egg set, Hatching egg set) and Chicks per parent of the 
Native chicken variety maintained at CPPM, Hosur from 21 to 52 weeks is presented in Table 5. The 
graphical representation of fertility, hatchability and chick per parent of the Native chicken variety from 
21 to 52 weeks of age is depicted in Figure 2. 

The result revealed excellent fertility (per cent) in Native chicken variety which had ranged between 
93.1±0.21 on 52nd week and 95.9±0.32 at 34th and 35th week with an average of 94.68±0.17 per cent. 
Similarly, the recorded hatchability (TES) in the present study ranged between 82.8±0.55 on 28th week 
and 88.1±0.07 at 34th week with an average hatchability of 85.70±0.39 per cent on TES, 89.87±0.37 per 
cent on FES. The study recorded 25.8±1.03 and 45.9±1.44 chicks per dam at 40th and 52nd weeks of 
age, respectively.
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The observed fertility and hatchability were higher than the observed fertility and hatchability of Aseel 
chicken in Hyderabad [12], Aseel chicken in Bangladesh [13], Aseel chicken in Hyderabad [17], 
TANUVAS Aseel chicken [20, 21], Aseel chicken at Faizabad [22] and improved Aseel and Aseel at 
Hyderabad [23] and comparable with fertility and hatchability of Non-descript chicken in Bangladesh 
[24] and Kaunayen chicken in Manipur [25]. 
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The observation of the study indicates that the Native chicken variety could be utilized for production of 
germplasm by the farming community.

5. Summary and Conclusions

 The result of reproduction traits revealed that the age at sexual maturity was 149 days of age and the 
result on reproduction traits revealed hen housed egg production (No.) of 40.0±0.45 and 66.6±0.60 up to 
40th and 52nd week, respectively. The result also revealed that the Native chicken variety had fertility 
per cent ranged between 93.1±0.21 and 95.9±0.32 with an average of 94.68 per cent. Similarly, the 
recorded hatchability (TES) in the present study ranged between 82.8±0.55 and 88.1±0.07 with an 
average hatchability of 85.70 percent.
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Impact of Chronic Paraquat Toxicity on Lipid Peroxidation 
Activity of Indian Major Carp Cirrhinus Mrigala Ham. 

Nagesh Baliram Birajdar1,2, Madhav Pralhad Bhilave1,* 
1Department of Zoology, Shivaji University, India 

2Department of Zoology, Vishwasrao Naik Arts, Commerce, and Baba Naik Science 
Mahavidyalaya, Shirala, India

A B S T R A C T

Paraquat Dichloride, a broad-spectrum herbicide, used for the killing of aquatic weeds in aquaculture 

ponds and reservoirs was tested on extensively cultured Indian Major Carp (IMC) Cirrhinus mrigala 

Ham.. For this purpose, fingerlings of this economically important fish were exposed to the sub-lethal 

concentrations (LC1/20th and LC1/10th) of paraquat continuously for 30 days by using the static renewal 

bioassay method. Post Exposure, the lipid peroxidation activity in 4 vital organs of the fish viz. gill, 

muscle, liver, and brain were estimated by E. D. Wills’s method to rectify paraquat's toxicity. Annotated 

findings specified, a highly significant (p<0.001) chronological increase in lipid peroxidation activity 

(LPO) of gill, muscle, and liver tissues respectively in the LC1/10th concentration group, while a 

moderately significant (p<0.01) increase in LPO activity of brain tissue in the same group. While the gill 

and the brain tissue of the LC1/20th group showed moderately significant (p<0.01) and significant 

(p<0.05) increases in the LPO activity respectively. All changes showed their dependency on the time and 

concentration factor of the toxicant. Concluding the study, it was stated that, chronic paraquat sub-lethal 

exposure significantly increased the LPO activity in the vital tissues of Cirrhinus mrigala Ham. thus 

supporting its highly toxic nature and an immediate need to restrict its use as much as possible.

 Keywords Paraquat Dichloride, Chronic Toxicity, Cirrhinus Mrigala Ham., Lipid Peroxidation Activity 

1. Introduction 

Paraquat Dichloride (C12H14Cl2N2) 75-305-73-0 (CAS) is a quaternary nitrogen bipyridyl weedicide 
produced commonly in the form of brown color concentrated liquid consisting of 10-30% strong 
dichloride salt of it, sold the brand name Gramoxone [1] by agrochemical company 'SYNGANTA'. In 
humans, paraquat ingestion causes hazardous effects in different organ systems. Such paraquat toxicity 
has no firm existing antidote therapy [2] [4]. The direct spray of paraquat on matured food crops to 
desiccate them for better marketability reasons is the current most alarming issue that has the highest 
chances of residual paraquat in the daily diet of humans and animals causing large-scale epidemic issues 
[5] [6]. Such application of paraquat across various platforms of terrestrial and aquatic ecosystems has 
led to its far-reaching residues in soil and water that conclusively enter into food chains [7]. Paraquat 
enters into aquatic ecosystems through surface run-offs, leaching, atmospheric deposition, drifting, etc., 
and accumulates into various organisms that reside in waters profoundly the fishes [8]. Numerous water 
bodies viz. Bois d’Orange River, Choc River, Cul-de-Sac River, Roseau Dam, Roseau River, Choc 
River, Cul-de-Sac River, Soufriere River, Soufriere Dam, Cannelles River, have been found to contain 
paraquat [9]. The overall health and equilibrium of aquatic creatures may be negatively impacted by the 

ISSN: 2331-5083 

Advances in Zoology and Botany (Volume - 13, Issue - 03, Sep  - Dec 2025)                                                                                     Page No. 14



direct application of paraquat to weeds in ecosystems [10]-[13] thus leading to severe acute as well as 
chronic toxicity in aquatic organisms. Fish's digestive system, skin, and gills may absorb paraquat from 
the residual surface waters [11] hence the study of its effects on fish is an important marker for the 
assessment of its eco-toxicity. 

Pesticide poisoning has a key molecular mechanism called Lipid Peroxidation Activity (LPO) [14]. It is 
a detrimental attack of reactive oxygen species (ROS) that damages tissues and organs by oxidative 
stress [15]-[17]. Biota exposed to ambient pollutants may significant ROS activity, which may prevent 
the protective antioxidant system from eliminating them, resulting in oxidative stress and damage [18]-
[21]. LPO is crucial for aquatic species since they have a much higher concentration of polyunsaturated 
fatty acids (PUFA) than terrestrial animals [22]. This study documented the changes in LPO activity as a 
consequence of malondialdehyde (MDA), a byproduct of PUFA peroxidation that occurs inside cells. 

The present study was intended to investigate such toxic effects of paraquat dichloride on the lipid 
peroxidation activity in the fingerlings of commercially important Indian Major Carp Cirrhinus mrigala 
Ham., as grassroots biomarkers of pesticide nuisance to the health of aquatic animals useful in the 
assessment of environmental risks. 

2. Materials and Methods 

2.1. Procurement and Rearing of Experimental Animal 

The Government Fish Seed Production Center, Dhom (Wai), Satara District, Maharashtra State, India, 
supplied Cirrhinus mrigala Ham. fingerlings (mean weight- 3.18±0.21 gm. and mean length- 4.72±0.44 
cm) for this study in large plastic bags sustained by oxygen. Fish were sanitized in a lab setting by being 
dipped for two minutes in a 0.1% KmNO4 solution. After that, they were placed in well-aerated glass 
aquariums with regular dechlorinated faucet water, where fish underwent 15 days of acclimatization to 
room temperature. Standard procedures as illustrated in APHA [23] were used in the experiment to 
determine the physicochemical parameters of the water. Obtained values were as follows: Temperature 
26.2 ºC, pH ranges 7.1-7.6, Dissolved oxygen (DO) content 5.61-6.13 mg/L, liberal CO2 14.27 ± 0.47 
mg/L, hardness 119.38 ± 3.72 mg/L, phosphate content 0.5 ± 0.03 mg/L, content 1.11 ± 0.26 mg/L. 
During acclimatization and experimental procedures, 2 percent fish food (Taiyo Discovery) of the 
fishes' average body weight was fed to them every day. Natural photoperiod was maintained. During the 
acclimatization, the aquarium water changed every 24 hours to discard food remnants and fecal matter 
that can cause unnecessary stress in the enclosed water system. The water quality parameters were 
checked weekly to ensure normal conditions. Removal of any dead fish was done immediately to avoid 
possible water quality deterioration. After 15 days of acclimatization, the fish to be used for the 
experiment were screened critically for indication of physical damage, disease, stress, and mortality. 
Any suspected fishes were discarded immediately and only the healthy fishes were selected for the 
study. Before initiation of experimental protocols, the fish were acclimatized to well-aerated 22-liter 
capacity plastic containers for 7 days, during which they were to be exposed to the toxicant. 24 hours 
before the test, feeding was discontinued to reduce the effect of vomiting and excess animal excreta due 
to the toxicant, but later, after 24 hours of exposure, the feeding was restored at 2% of their body weight. 

2.2. Exposure to Paraquat 

ISSN: 2331-5083 

Advances in Zoology and Botany (Volume - 13, Issue - 03, Sep  - Dec 2025)                                                                                     Page No. 15



The herbicide paraquat dichloride commercially sold under the brand name Gromoxone (24%w/w) by 
Syngenta was used as a toxicant in the present study. Before the experiment, a study was conducted to 
determine the mortality rate of fishes exposed to various concentrations of paraquat by the static renewal 
bioassay method. The data so obtained was processed by Finney's Probit analysis to obtain the LC50 
(105 ppm) value for the toxicant used. Both the sub-lethal concentrations viz. LC1/20th and LC1/10th 
concentrations used in this study were derived from this LC50 value. For the current experiment, three 
clear, openmouthed, cylindrical plastic jars with a volume of 22 liters were arranged side by side in a 
row. To sustain the desired level of dissolved oxygen present in the water, each jar received continuous, 
appropriate aeration. All containers were filled with 20 liters of clean dechlorinated tap water and 10 fish 
were released in each of them. The fish in the first jar functioned as a control group because they weren't 
subjected to any toxicant. The fingerlings in the second and the third jars were subjected to paraquat 
doses of LC1/20th (pre-calculated: 5.25 ppm) and LC1/10th (pre-calculated: 10.5 ppm) for 30 days each 
(chronic toxicity). At every 24 hours, the water medium and the toxicant in all the containers were 
replaced with fresh water and toxicant, to maintain the optimum concentrations throughout the 
experiment. Any dead fish if observed were removed immediately from the container and buried 
underground in follow land away from domestic areas. Live juvenile fingerlings from all three jars were 
euthanized after 30 days of exposure, and the LPO activity in their gills, muscles, and brains was 
examined in each organ separately. The remains of the euthanized fish too were buried underground in 
same area where dead fish were buried. 

2.3. Analysis of the Lipid Peroxidation Activity (LPO) 

In the current investigation, the changed levels of lipid peroxidation in all 4 tissues were estimated using 
E. D. Wills's protocol [24]. The reaction mixture necessary homogenize the tissues was presumably 
prepared fresh. To make the reaction mixture, 1 ml of Phosphate Buffer Saline (PBS, pH 7.4), 1 ml of 1 
mM FeCl3, 0.01 ml of Chlorotetracycline, and 1 ml of 75 mM Ascorbic Acid (AA) were blended 
together. Following that, 10 ml of this reaction mixture was used to homogenize 100 mg of fresh tissue. 
This mix was used as a stock. Following that, 1 ml of this stock solution was divided into three test tubes 
(triplicates), and 1 ml of distilled water, 1 ml of 20% TCA, and 2 ml of 0.67% thiobarbituric acid (TBA) 
were all added to each of these triplicates. In an additional test tube, a blank was simultaneously made by 
mixing 2 ml of distilled water with 1 ml of 20% TCA and 2 Following that, for 15 minutes, all test tubes 
were submerged in a bath of boiling water. The test tubes were cooled for 15 minutes and centrifuged at 
1000 g for 10 minutes. Then, using a spectrophotometer, the absorbance readings of the supernatants so 
acquired were measured against the blank at 532 λmax. Using 1.56 x 105 M-1 cm-1 as its molar 
extension coefficient, the lipid peroxidation levels were estimated as nano-moles (nM) of MDA 
generated per milligram (mg) of tissue (nmol MDA/mg tissue). The following formula was used to 
determine the level of MDA.

Where, 

0.156 = 1 mM Malondialdehyde solution's absorbance at 532 nm in a cell that is 1 cm thick. 

1 = Amount of tissue taken in mg, present in 1 ml of a sample. 
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The final data from all the groups was expressed in Arithmetic Mean (AM) ± Standard Deviation (SD) 
format. Utilizing the unequal variance (2-sample) (heteroscedastic) approach of "student's T-Test" with 
"two-tailed distribution", the significance level was determined. If p < 0.05 it means it showed a 
significant change. If p < 0.01 it showed a moderately significant change and, if p<0.001 it showed 
highly significant change.

3. Results 

The readings representing the effects of paraquat poisoning on the lipid peroxidation activity of 
Cirrhinus mrigala Ham. gills, brain, muscle tissue, and liver in the control group, LC1/20th 
concentration set, and LC1/10th concentration group after chronic exposure (30 days) are represented in 
Table 1. In the control group fish Cirrhinus mrigala Ham., the LPO activity was found to follow the 
Brain > Liver > Muscle > Gills sequence.

 The lipid peroxidation activity in gill tissue showed a moderately significant (p<0.01) increase in the 
LC1/20th group (t.stat = -7.9009) while it showed a highly significant (p<0.001) increase in the 
LC1/10th group (t.stat = -17.901). The lipid peroxidation activity in muscle tissue showed a highly 
significant (p<0.001) increase in the LC1/10th group (t.stat = -16.1532). The lipid peroxidation activity 
tissue showed a significant (p<0.05) increase in the LC1/20th group (t.stat = -3.6360) while in the 
LC1/10th group (t.stat = -13.026) it showed a highly significant (p<0.001) increase. The lipid 
peroxidation activity in brain tissue showed a significant (p<0.05) increase in the LC1/20th group (t.stat 
= -3.5901) while it showed a moderately significant (p<0.01) increase in the LC1/10th group (t.stat = -
4.884). The postexperimental lipid peroxidation activity in the four tested tissues was in the order Liver 
> Brain> Gill > Muscle in the LC1/20th group while in the LC1/10th group it was in the order, Brain > 
Liver > Gill > Muscle. 
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The results of the current study illustrate the significance levels of MDA activity that are directly 
proportional to LPO activity in vital tissues of fish after exposure to paraquat. LC1/10th group show 
highly significant MDA activity in comparison to control group while LC1/20th group shows a just 
significant impact on MDA activity as compared to control. Thus the higher concentration (LC1/10th) 
of paraquat tends to make a highly significant impact on LPO activity in vital tissues of exposed fishes as 
compared to the lower concentration (LC1/20th) of paraquat. 

4. Discussion
 
Lipid peroxidation results from oxidative injury driven by ROS action that disrupts cell anatomy and 
physiology [25] [26]. Fish are useful markers of pollutants that allow for early detection of aquatic 
issues related to environmental health [27] [28]. Internal constituents of fish are harmed when toxicants 
promote the aberrant creation of ROS and it surpasses the intrinsic defense system of the fish. The term 
"oxidative refers to this phenomenon [29]. Pesticide impacts causing oxidative stress had been widely 
investigated as a potential mechanism illustrating their toxicity and degradability, in a variety of tissues 
[30]. Malondialdehyde (MDA) is a byproduct of LPO. MDA synthesis is a crucial sign of induced 
oxidative stress driven by free radicals that harm biological membrane constituents [31]. The findings of 
the current study reveal noticeably higher rates of MDA activity in all four tissues, i.e. the gill, muscle, 
liver, and brain subjected to Paraquat at both LC1/20th and LC1/10th concentrations. These elevated 
levels of MDA are a sign of the peroxidation of lipids set on by Paraquat poisoning in key fish tissues. 
The harmful effects of Paraquat may have resulted in the oxidation and redox-cycling NADPH that 
potentially releases a large amount of ROS, which ultimately led to oxidative stress and damaged 
essential tissues via lipid peroxidation. The generated malondialdehyde also reacts actively with other 
biomolecules like proteins, changing their structures, properties and functions [32]. Lipid peroxidation 
reduces the nutritional value of edible fish meat, creating health issues as well as the monetary loss for 
the stakeholders [33]. Persch et al. [34] showed similar results, that Rhamdia quelen fingerlings exposed 
to multiple paddy herbicides used in integrated rice-fish farming demonstrate a comparable rise in lipid 
peroxidation rate in their gill, liver, kidney, and muscle tissues. Similarly, [35] studied cadmium induced 
physiological alterations in Nile tilapia and reported increased lipid peroxidation activity with elevated 
levels of toxicant as compared to control group. 

5. Conclusions 

The present study's findings suggest that paraquat poisoning can have a significant detrimental effect on 
nontargeted creatures like fish because it elevates the levels of lipid peroxidation activity in their vital 
organs. Increased LPO activity has the potential to impair fish's ability operate optimally and maintain 
its internal homeostasis, which might result in fish death, growth retardation, and poorer-quality fish 
meat, which might harm the stakeholders' nutritional needs as well as their health and exacerbate aquatic 
pollution. LPO activity can also function as a reliable biomarker of how anthropogenic stresses affect 
unintended organisms. 
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A B S T R A C T

 Cancer is one of the leading causes of mortality worldwide. The metabolites of plant sources have been 

revealing great promise to treat cancers, too. The anticancer potentials of several medicinal plants are now 

being studied, although ancient medical systems treated patients of such kind. New directions in cancer 

research are now possible due to modern developments in biological sciences. In view of various 

recognised properties of Cocculus, the plant is utilised in the indigenous systems of medicines to treat a 

wide variety of diseases. Many important secondary metabolites from Cocculus hirsutus (L.) W. Theob. 

plant have been reported by earlier workers. The previous studies and findings on anticancer activity of 

crude extract of this plant, encourage to further investigate the Phyto/bio-compounds of extracts with 

Liquid Chromatography-Mass Spectroscopy (LC-MS) technique and by using in-silico tool to make 

rational correlations of the properties. By LC-MS technique, phytocompounds were identified from the 

crude  methanolic extract of Cocculus hirsutus. Chemoinformatics tools were employed to screen the 

phytocompounds and predict the potential anticancer activities of these compounds. Through modern 

tool in-silico virtual screening software, the potentials of such phytocompounds as drugs and as leads 

against disease were investigated. The comparative analysis was made between the known activities of 

the highly used/ approved/standard anticancer plant-derived drugs and predicted activities of the fifteen 

compounds identified from the extract that were under investigation. In terms of activity, these 

compounds closely resemble to the approved/standard/recognised plant-derived anticancer drugs. The 

compounds like the 2,3-Dihydrogossypetin, Trilostane, Nonanoic acid, Irinotecan, Euphornin, Salannin 

and Gnididilatin are predicted to have drug-likeness. These findings would help reaching the desired 

target-based medicines for the dreaded disease like cancer. Irinotecan, the semi-synthetic 

approved/standard Camptothecin anti-cancer alkaloid, agent an (having Topoisomerase I inhibitor 

activity), is reported for the first time from natural source, like Cocculus hirsutus plant. This plant is in the 

list of ethnomedicines too and can be considered as a potential source of a drug candidate for the treatment 

of various types of cancers.

Keywords : Cancer, Camptothecin Derivative, Irinotecan, Antitumor, Anticarcinogenic, Antineoplastic, 

Chemoprotective, Chemopreventive, Carcinoma, Cocculus Hirsutus 

1. Introduction 

Cancer is a group of diseases that have claimed the lives of around 10 million people (nearly one in every 
six fatalities), in 2020 and the disease thus becomes the leading cause of mortality worldwide [1]. Today, 
many wellknown anticancer substances have been identified and purified from medicinal plants e.g., 
Taxols/ taxanes (Paclitaxel, Docetaxel) from Taxus spp., Vinca alkaloids from Catharanthus spp. 
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Vinca from Catharanthus spp. (alkaloids such as Vinblastine, Vincristine and Vindesine from 
Catharanthus roseus (L.) G.Don), Camptothecin from Camptotheca acuminata Decne., 
Podophyllotoxins from Podophyllum peltatum L., etc. Many of these compounds are used successfully 
to treat various types of cancers [2]. The semisynthetic derivatives/analogs of Paclitaxel (Cabazitaxel), 
Vinblastine (Vinorelbine), Camptothecin (Irinotecan and Topotecan), Podophyllotoxins (Etoposide and 
Teniposide) are also utilized in the treatment [2]. In the area of cancer research, there has been a great 
contribution of natural products with reference to the discovery and development of the final drug entity. 
For instance, of all the approved/standard antitumor/ anticancer drugs worldwide, 79% of drugs are 
natural/ natural derivatives/ natural inspired, restricting the share of the pure synthetic drugs to 21% only 
[3].  

Vāsanavela plant in Marāṭhī (Pātāla garuḍī in Sanskrit) refers to the accepted species Cocculus hirsutus 
(L.) W. Theob. [4] Syn. Cocculus hirsutus (L.) Diels Syn. Cocculus villosus DC. Syn. Menispermum 
hirsutum L. of Family: Menispermaceae, Order: Ranunculales. It is a perennial climber found as a 
common weed all over Maharashtra state of India. Due to various therapeutic properties of Cocculus, it 
is found in ancient medical local literature being frequently utilised in the indigenous systems of 
medicines to treat a wide variety of diseases. When the leaves of this plant are crushed and stirred in 
water, there is formation of a green semi-solid mucilaginous mass, which makes it a valuable medicine 
for gonorrhea and other disorders that require demulcents [5,6,7]. This plant is also reported to have 
antidiarrheal potential in ethnomedicine [8]. Many important secondary metabolites from Cocculus 
hirsutus plant have been reported by earlier workers. The therapeutic activities of the plant are attributed 
to various active principles, mainly the isoquinoline alkaloids such as hirsutine [9]; cohirsine [10]; 
cohirsinine [11]; cohirsitine/cohrisitine [12]; cohirsitinine [13]; haiderine [14]; jamtine-N-oxide [15]; 
jamtinine [16], and shaheenine [17], which have been isolated from the aerial parts of the plant. The bis-
benzyl-isoquinoline alkaloids, like coclaurine, magnoflorine, cocsuline-N-2-oxide, trilobine and 
isotrilobine have also been found in the plant [18]. The triterpenoids like hirsudiol [19] have been 
extracted from the plant. In vitro moderate anticancer activity of crude alkaloidal extract of the rhizome 
of Cocculus hirsutus (L.) Diels was noticed against breast melanoma and renal cancer cell lines [20]. In 
vitro cytotoxic activity of Cocculus hirsutus whole plant methanolic extract observed against HeLa cell 
line (Human cervical cancer cell line) [21]. An immortal cell line called HeLa is employed in research. 
This is the oldest and most widely utilised human cell line [22], named after Henrietta a 31-year-old 
African-American mother of five, who passed away from cancer on October 4, 1951 [23,24]. The line, 
which was derived from her cervical cancer cells, was found to be extraordinarily durable and prolific, 
enabling extensive usage in scientific research [25,26]. The activity was attributed to the bisbenzyl-
isoquinoline alkaloids present in the extract [21]. It was further noted that there is significant in vitro and 
in vivo antitumor activity of Cocculus hirsutus against breast cancer cell lines in [27]. When in vitro 
cytotoxic activity of methanolic extract of the leaves of Cocculus hirsutus was investigated on human 
breast cancer cell lines, the findings revealed a dose-dependent reduction in cell viability and 
suppression of cell growth [28]. The docking studies were carried out by in silico techniques to show 
that the phytoconstituents of Cocculus such as coclaurine, haiderine, and lirioresinol can potentially 
bind with the select targets of hepatocellular carcinoma [29]. These studies and findings encourage 
further investigation of the phyto/ biocompounds of the extracts of Cocculus hirsutus with LC-MS 
technique and use of in-silico tool to make rational correlations, which would help reaching the future 
desired target-based medicines for the dreaded diseases like cancer. 

2. Materials and Methods
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 Collection and Identification of Plant Material The wild twigs of Cocculus hirsutus (L.) W. Theob. 
(Figure 1) were collected from the tribal areas of Ahmednagar district, Maharashtra state, India. These 
were identified with the help of floras and the herbarium specimen (Figure 2) was authenticated from the 
BSI, Pune [Authentication Number: SNRJ-4 Cocculus hirsutus (L.) Theob. (Menispermaceae) dated 
23.12.2020].
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Preparation of Powder and Extract 

The whole plant (except roots) materials were cleaned, shade dried, powdered and extracted with 
methanol for 810 hours using Soxhlet apparatus. The extract was then filtered through Whatman No.1 
filter paper and evaporated to get the concentrated semi-solid mass. Extraction process was repeated to 
get sufficient extract. The methanolic extracts were used for LC-MS analysis. 

LC-MS Analysis 

The LC-MS [LC model (Agilent make) and MS model (Q-TOF LC/MS) make] instrument was used to 
find the presence of the proper phytocompounds in the methanol extract of the plant parts. The 
experiment was conducted at the Venture Center (Entrepreneurship Development Center), NCL, Pune's 
Center for Applications of Mass Spectrometry (CAMS) facility. Databases from PubChem 
(https://pubchem.ncbi.nlm.nih.gov/) and (https://www.ebi.ac.uk/chebi/), were utilised to identify the 
phytochemical compounds. These databases were used to gather the SMILES (The simplified 
molecular-input lineentry system) for the compounds. Through the use of analysis software, these 
SMILES were employed for further compound analysis. 

PASS Analysis 

To assess the overall biological potentials of the 15 compounds identified from the plant extract, the 
program "Way2Drug PASS (Prediction of Activity Spectra for Substances) online" 
(http://www.way2drug.com/passonline/) was employed. The Pa, which stands for a compound's 
"probability active" in an extract and the Pi for "probability to be inactive" for a particular biological 
activity were considered for each compound. All compounds with are predicted to be active, and the 
probability that a real experiment will confirm that activity is high if Pa>0.7 [30]. The results of PASS 
prediction of these 15 compounds from the extract are presented in table 1. The biological activity 
spectra of some well-known anticancer plantderived drugs were also predicted using the PASS 
software. The results of predictions are presented in table 4. The comparative analysis was made 
between the known activities well-known/approved/standard anticancer plant-derived drugs and the 
predicted activities of the compounds from the extract of Cocculus hirsutus that was under 
investigation. 

Cytotoxicity for Tumour Cell Lines 

For in silico prediction of cytotoxicity potential (for tumour cell lines) of the 15 compounds identified 
from the plant extract, the freely available web-service "CLC-Pred (Cell Cytotoxicity Predictor)" 
(http://www.way2drug.com/Cellline/) was employed [31]. The results of this prediction presented in 
table 2. 

Drug-likeness and Lead-likeness 

A free online tool called (http://www.swissadme.ch) was used to assess how close the compounds were 
in activity to drug-likeness and leadlikeness. SMILES strings, which aid in assessing compounds' 
potential for drug-likeness and lead-likeness after taking ADMET (Absorption, Distribution, 
Metabolism, Excretion, and Toxicity) properties account, were uploaded to the site for this purpose. The 
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results of this assessment are presented in table 3.

 Molecular Docking and in vitro/ in vivo Studies Review

 
This is neither the scope nor the intention of this paper to carry out the molecular docking analysis of the 
individual phytocompounds of the extract or to carry out the in vitro/ in vivo studies for anticancer 
activities. But the previous work carried out on the docking analysis and in vitro/ in vivo investigations 
for some of the phytocompounds (as also found after investigation in the present work) are reviewed in 
brief in the discussion part to correlate to the in silico results conducted in the present study. 

3. Results and Discussion 

Results 

The results are presented in the following Graph 1, Tables 1-5 and Figures 3-4. 
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Discussion 

The anti-cancer compounds exhibit diverse mechanisms of actions. Some of those compounds are 
briefly discussed below with reference to the in silico predicted activities of the standard compounds as 
well as with the compounds extracted from Cocculus hirsutus (L.) W. Theob plant. 

The expression of TP53, a tumor suppressor gene, results in formation of tumor protein 53 (p53) that 
acts as a tumor suppressor. Protein 53 (p53) controls DNA repair and cell division. If the damage or 
mutation in DNA is irreparable, the protein stops the cell from dividing and signals apoptosis, 
preventing the tumor formation [32]. The compounds of the studied plant extract numbered 1, 2, 3, 5, 7 
and 13 (Table 1) are predicted to act like TP53 (Tumour protein 53) expression enhancers. The 
approved/standard plant-derived drugs like Paclitaxel (Taxol), Vinblastine, Vindesine, Camptothecin 
and Podophyllotoxin (Table 4) are also predicted here by chemo-informatics approach to have TP53 
expression enhancer activity. 

important transcription factor involved in the development of cancer and thus is used as a target in 
cancer therapy. It acts differently in oxygenated and non-oxygenated environments. Therefore, by 
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focusing on HIF1, cancer formation and progression can be controlled. HIF1A inhibitors work at the 
transcription as well as translation level regulation of HIF1A gene expression [33]. In this study, 
Camptothecin (Table 4) revealed HIF1A expression inhibitor activity. 

Interestingly, the extract compounds numbered 1, 3, 7 and 8 (Table 1) also have been predicted to carry 
this activity.  The process of programmed cell death (apoptosis) is significantly influenced by cysteine 
proteases (Caspases). Cytotoxic drugs cause apoptosis in the tumour cells, causing the death of tumour 
cells. Many such substances, both natural and synthetic, have been reported which possess caspase-3-
mediated anticancer action through the apoptotic pathway [34]. Camptothecin and Podophyllotoxin 
(Table 4) are reported Caspase 3 stimulant activity, while the extract compounds numbered 2 and 6 
(Table 1) are also predicted to express the similar activity.

Radioprotectors are substances that shield normal cells from the damaging effects of radiation without 
affecting the radio-sensitivity of malignant cells [35]. The plant extract compounds numbered 1, 7, 13 
and 14 (Table 1) are predicted to have radioprotector activity too. Radiosensitizers are substances that 
target cancer cells selectively and increase the sensitivity of such cells to ionizing radiation reducing the 
effects of radiation on healthy non-cancerous cells [36]. The extract compound numbered 14 (Table 1) is 
found to express this activity like that of the Paclitaxel (Taxol) (Table 4). 

Isozyme like PKC alpha (Protein Kinase C alpha), is an intracellular signaling protein which plays a 
significant role in the development of malignant tumors. Cancer treatments make use of PKC alpha 
inhibitors that interfere with various signaling pathways of tumor cells resulting in the arrested growth 
and apoptosis [37]. The extract compound Gnididilatin is revealed to have such PKC alpha inhibitor 
activity. Gnididilatin has been found in Gnidia spp. (Thymelaeaceae) and recorded to have antileukemic 
activity [38]. 

Camptothecin (CPT) and its semisynthetic derivatives viz., Irinotecan and Topotecan are TOP I (DNA 
Topoisomerase I) inhibitors, while Podophyllotoxins and its semisynthetic derivatives viz., Etoposide 
and Teniposide are TOP II (DNA Topoisomerase II) inhibitors. Topoisomerase I inhibitors interrupt 
DNA replication in cancer cells leading to the death of those cells [39]. The Topoisomerase II inhibitors 
interrupt the processes like DNA replication, chromosomal condensation and segregation in tumour 
cells inducing their apoptosis [40]. DNA Topoisomerase I enzyme makes a single-strand break in DNA 
backbone while DNA Topoisomerase II makes a double-strand break in DNA backbone. In the present 
extract, compound Irinotecan was identified (Table 1, compound numbered 8; Figures 3 and 4) and was 
predicted to possess Topoisomerase I inhibitor activity. Camptothecin is a prototype Topoisomerase I 
inhibitor. Irinotecan and SN-38 (7-ethyl-10hydroxycamptothecin), both Topoisomerase I inhibitors, are 
derivatives/analogues of Camptothecin and Irinotecan respectively. Irinotecan is developed from 
Camptothecin to enhance its solubility for intravenous administration. Irinotecan is a water-soluble 
prodrug which gets enzymatically converted to active metabolite SN-38 by carboxylesterases in liver. 
SN-38 is more active and less toxic than Irinotecan in human body [41]. Irinotecan is currently the most 
popular Camptothecin, with an annual turnover in regulated countries over $1 billion US Irinotecan is 
the first-line treatment for stomach and colon cancers, especially when combined with fluorouracil and 
vascular disrupting drugs [42]. 

Molecular Docking; Earlier Investigations 
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Irinotecan has been shown to bind more firmly to the therapeutic target proteins MDM2 and Bcl-x, 
suppressing the activities and promoting the anticancer effects [43]. Irinotecan is also shown to target 
the receptors such as the protein kinase B, VEGFR-2 (Vascular Endothelial Growth Factor Receptor-2), 
and procaspase 7 by binding stably to these receptors [44]. Trilostane was shown to inhibit human 3β-
HSD1 (3β-Hydroxysteroid Dehydrogenase type 1), a major target enzyme for the treatment of breast 
cancer, with high affinity [45]. Lutein has been shown to bind more firmly to the HER-2 (Human 
Epidermal Receptor-2) proteins, suppressing the activities and promoting the antibreast cancer effects 
[46]. Lutein’s ability to inhibit breast cancer cell proliferation is quantitatively comparable to that of the 
standard chemotherapeutic drugs such as taxanes (paclitaxel and docetaxel) [47]. Salannin was 
identified as one of the strong inhibitors of the cdk protein in docking studies used to screen anticancer 
drugs from Azadirachta indica using Saccharomyces cerevisiae as the model system [48]. 

In vitro/ In vivo- Earlier Investigations 

It has been demonstrated through in-vitro HeLa cell line model that Euphornin inhibits the growth of 
human cervical cancer HeLa cells by inducing programmed cell death and arrest of G2/M cell cycle 
[49]. Euphornin was also shown to have cytotoxic effects on the mice lung cancer cells 
(adenocarcinoma LA795) [50]. Gnidilatin exhibited moderate inhibitory activity at the dose of about 80 
µg/kg of body weight against the P-388 leukaemia in mice [51]. It has been shown that the particularly 
inhibits the proliferation of the human cancer cell lines MDA-MB-468 and MCF7 [52]. Trilostane is 
shown to inhibit the growth of HCC (Hepatocellular carcinoma) cell lines in preclinical trials by 
inhibiting the activity of the enzyme HSD3B1 (3-hydroxysteroid dehydrogenase type 1). And the US 
FDA-approved drug sorafenib is found to be more effective when used with trilostane [53]. In all in vitro 
tested colon and pancreatic cancer cell lines, irinotecan demonstrated concentration- and time-
dependent mortal effects. It also showed concentration-dependent prevention of colony formation after 
being exposed to fresh tumors for 30 minutes [54].

  The trials with above described phytocompounds and synthetic compounds are gaining momentum in 
cancer research due to the natural healing properties of these compounds for which the ancient medical 
practitioners used those plants expectedly having such compounds. The attempts by the researchers to 
identify new and more specific bio-compounds, which could have anticancer properties at various 
cellular levels need clinical satisfaction justifying reverse pharmacology and the rationality of ancient 
wisdom in present day cancer treatments. 

4. Conclusions 

The metabolites from plants have great promise for treating deadly diseases like cancer. The anticancer 
potentials of several medicinal plants are now being studied. New directions in cancer research are now 
possible due to recent computational developments in biological sciences. It is feasible to start 
experimental research with substances that look the most promising in in silico predictions. The 
biological activities of the compounds found in the extract are noted to be virtually identical to those of 
the established plant-derived anticancer agents. The compounds like 2,3Dihydrogossypetin, Trilostane, 
Nonanoic acid, Irinotecan, Hopane-29-acetate, Euphornin, Salannin and Gnididilatin are predicted to 
have drug-likeness. The compounds found in the extract are also found to have nearly identical 
cytotoxic potential (for tumour cell lines) to that of the established plant-derived anticancer drugs. 
Irinotecan, the semi-synthetic Camptothecin approved/standard anti-cancer alkaloid, agent an (having 
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Topoisomerase I inhibitor activity), is reported for the first time from natural source, like Cocculus 
hirsutus Thus, the plant, Cocculus hirsutus (L.) W. Theob., can be considered as a potential source of a 
drug candidate for treatment of various types of cancers and should form the part of the screening 
program of anticancer agents. To develop novel herbal medicine with safe and effective usage in 
addressing global health challenges related to cancer, further in-depth research, scientific exploration, 
and pre-clinical and clinical trials are necessary on this plant.
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A B S T R A C T

Seaweed species have been reported for their toxic effects on mosquito larvae. In the present study, the 

ether, chloroform, acetone and methanol extracts of two green seaweeds, Caulerpa racemosa and Ulva 

fasciata were tested for toxicity against the second and third instar of Aedes aegypti and Culex 

quinquefasciatus as per the guidelines of World Health Organization at concentrations of 100, 200, 300, 

400 and 500 mg/L for 24 hours. Caulerpa racemosa extracts recorded 100% mortality at the highest 

concentration on the second and third instar of Aedes aegypti and Culex quinquefasciatus, and maximum 

larvicidal activity was exhibited by the chloroform extract, and their respective LC50 values were 140.49 

and 144.554 mg/L, and 153.704 and 158.313 mg/L. In the case of Ulva fasciata, the chloroform extract 

exhibited 100% mortality at the highest concentration on the second and third instar of Aedes aegypti and 

Culex quinquefasciatus, and also the maximum larvicidal activity with LC50 values of 158.358 and 

166.025 mg/L; and 154.156 and 187.435 mg/L against the second and third instar larvae, respectively. 

Overall results indicated that amongst the two green seaweeds tested, Caulerpa racemosa exhibited more 

activity when compared to Ulva fasciata, and with reference to solvent extracts, the chloroform extract 

exhibited maximum activity against the larval instars of the vector mosquito species tested. With regard to 

the vector mosquito species tested, Aedes aegypti was more susceptible than Culex quinquefasciatus, and 

in the case of instars, second instar larvae were more susceptible than the third instar. In conclusion, the 

bioassay result of the present study indicated the larvicidal property of the chloroform extract of both the 

green seaweeds against the larval instars of vector mosquitoes, which encourages further investigation on 

its bioactive compounds that might own virtuous larvicidal properties when isolated in pure form. 

Keywords  Green Seaweeds, Caulerpa racemosa, Ulva fasciata, Solvent Extracts, Larvicidal Activity, 

Aedes aegypti, Culex quinquefasciatus 

1. Introduction 

Mosquitoes are ravaging humans and other animals for generations. The mosquito vector-borne 
diseases, malaria, dengue, chikungunya, filariasis, and Japanese encephalitis comprehend the global 
disease incidence as the control of these disease transmitting vectors are challengeable globally [1]. The 
synthetic/chemical immense aerial, usage terrestrial of and many aquatic insecticides offers logistic 
problems on the environment and causes resurgence of different mosquito-borne diseases, and has 
stimulated investigations for environmentally safe, bio-degradable and target specific insecticides 
against mosquitoes [2]. This situation has focused more attention on discovering novel beneficial 
natural products, and has immensely contributed to stimulating the increasing interest in 
unconventional and unexplored sources of  natural products. In this context, seaweeds have attracted 
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much attention over the past four decades [3]. Marine macroalgae popularly known as seaweeds are 
groups of ecologically important vegetation of oceanic ecosystem that contain secondary metabolites 
[4], with economically potential renewable and extraordinary sustainable resources [5]. Researchers 
have found that the seaweeds possess good mosquitocidal properties [6], like bio-insecticides derived 
from that of terrestrial plants [7-9]. The idea of using marine macroalgae to combat mosquito larvae is 
not new [10,11]. Certain species of green macroalgae kill larvae primarily because they are indigestible, 
while blue-green algae offer possibilities for delivery as larvicides since they act as neuro and 
hepatotoxins to mosquito larvae [12,13]. The long history of seaweed based products in insecticide 
research on discovering new active agents in seaweeds in growing, and on top of that, many reports have 
revealed seaweeds’ profound insecticidal properties on mosquitoes [6]. Considering the biodiversity of 
seaweeds in tropical regions, there is a need to study their larvicidal potential, since active metabolites of 
seaweeds possess larvicidal properties [6,14]. Therefore in the present study, the crude extracts of green 
seaweeds, viz., Caulerpa racemosa and Ulva fasciata were tested for their toxicity on the larval instars of 
Aedes aegypti and Culex quinquefasciatus, the principal vectors for dengue and filarial fever, 
respectively. 

2. Materials and Methods 

2.1. Seaweed Collection 

Green seaweed species, viz., Caulerpa racemosa (Forsskål) J.Agardh (Caulerpaceae) commonly called 
sea grapes and Ulva fasciata Delile (Ulvaceae) popularly known as sea lettuce were collected by hand 
picking the intertidal zone of Rameswaram, Tamil Nadu, India (8� 46 N, 78� 9 E and 9� 14 N, 79� 
14�E), rinsed in water to remove sand and other particles, and transferred to laboratory in sterilized 
ziplock bags for further studies. Taxonomical identification and confirmation of the collected seaweeds 
was done at the Marine Algal Research Station Mandapam, Tamil Nadu, India with the help of 
morphological key characters and identification manual [15-17]. 

2.2. Preparation of Seaweed Extracts 

The two green seaweeds were shade dried at room temperature for a week, and were powdered with the 
aid of a mixer grinder. The powdered sample of each seaweed species (250g) was sequentially 
suspended in a selective solvent system ranging from non-polar to polar (petroleum ether, chloroform, 
acetone and methanol) for 72 hours, (750 mL for each solvent), and then soxhlated for eight hours to 
obtain crude extracts [18]. Thereafter, each extracted sample was filtered using Whatman No.1 paper, 
and the filtered sample was individually centrifuged at 5000 rpm for 10 minutes at 4°C, and the 
supernatant was collected in a separate flask. Each extract was then concentrated using a rotary vacuum 
evaporator (Puchi RII, Switzerland). The final concentrated crude solvent extract of each seaweed 
obtained was individually stored in sterile air tight bottles and kept in a refrigerator until further use. 
Prior to this, the percentage of yield of extraction of the crude extracts was calculated. 

2.3. Test Vector Mosquitoes 

The eggs of Aedes aegypti and egg rafts of Culex quinquefasciatus were procured from Centre for 
Research in Medical Entomology (CRME), Indian Council of Medical Research (ICMR), Madurai, 
Tamil Nadu, India. Larvae of each test vector mosquito species were reared separately in larval enamel 
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trays containing dechlorinated water, and were fed with a finely powdered mixture of biscuits and dry 
yeast in a ratio 3:1. 

2.4. Larvicidal Bioassay 

According to the guidelines of the World Health Organization [19] with minor modifications, bioassays 
were performed on healthy F1 generation of laboratory larvae of Aedes aegypti and Culex 
quinquefasciatus. Serial dilution of 1.0% stock solution of each crude solvent seaweed extract yielded 
requisite test concentrations (100, 200, 300, 400, and 500 amount of test solution. Bioassays in 
triplicates with an overall of three trials were performed on the early second and third instar of the two 
vector mosquitoes numbering twenty each added separately into glass beakers (250mL) holding 
distilled water and test concentration for each replicate apiece trial. In parallel, control tests were 
performed with distilled water (250mL) as a positive control, and Tween 80 (1.0mL) dissolved in 
distilled water served as a negative control. Larvae were fed with larval feed during the experiment. 
Larval mortality was observed 24 hours after treatment and larvae were scored dead when they 
displayed no signs of movement when probed by needle at their respiratory siphon. The activity level of 
seaweed extracts based on the average percent larval mortality were construed as moderately active 
(50–75%), weakly active (25–50%), and inactive (<25%) [20].

 2.5. Data Analyses

 Larval mortality in percentage was calculated, and Abbott’s formula [21] was applied when larval 
mortality of control ranged between 5% and 20%. Statistical analysis was run in IBM SPSS version 27 
statistics software [22]. Statistical analysis of all mortality data of larvicidal activity was subjected to 
probit, chi-square and regression analysis. One-way analysis of variance and Duncan’s multiple 
comparison significant difference post hoc tests were to significantly determine whether mortality in 
treated bioassays differed from controls and at which concentration in particular; and also whether 
significant differences in response between solvents of the extract group existed. The differences were 
considered as significant at P≤0.05 level with significance set at 95% confidence. 

3. Results 

The percentage yield of solvent (petroleum ether, chloroform, acetone and methanol) extracts of 
Caulerpa racemosa was 0.98, 3.32, 0.98 and 1.98, and for Ulva fasciata it was 1.98, 2.48, 3.19 and 2.93 
respectively. Caulerpa racemosa extracts recorded 100% mortality at the highest concentration on the 
second and third instar of Aedes aegypti. Caulerpa racemosa petroleum chloroform and methanol 
extracts were highly active as they exhibited >75% larvicidal activity against the second instar of Aedes 
aegypti at the lowest concentration of 100 mg/L, and against the third instar it was the methanol extract 
which exhibited 75% larvicidal activity (Table 1; Figure 1). Maximum larvicidal activity was exhibited 
by the chloroform extract at 500 mg/L against the second and third instars of Aedes aegypti, and their 
respective Lc50 values were 140.409 and 144.554 mg/L (Table 2). In the case of Ulva fasciata, its 
chloroform extract exhibited      100% mortality at the highest concentration on the second and third 
instar of Aedes aegypti, and was highly active against the second instar of Aedes aegypti at the lowest 
concentration (Table 1; Figure 1). The maximum larvicidal activity was exhibited again by the 
chloroform extract at 500 mg/L, and the LC50 value was 158.358 and 166.025 mg/L, against the second 
and third instar larvae of Aedes aegypti, respectively (Table 2). Against the larval instars of Culex 
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 quinquefasciatus, all extracts of Caulerpa racemosa and the chloroform extract of Ulva fasciata 
displayed     100% mortality at 500 mg/L (Table 3; Figure 1). However, one of the extracts of both the 
green seaweeds was highly active against the larval instars of Culex quinquefasciatus at the lowest 
concentration. Maximum larvicidal activity was again exhibited by the chloroform extract green 
seaweed species, and their LC50 values were and 158.313 mg/L; and 154.156 and 187.435 mg/L against 
the second and third instars of Aedes aegypti and Culex quinquefasciatus respectively (Table 4).

  

ISSN: 2331-5083 

Advances in Zoology and Botany (Volume - 13, Issue - 03, Sep  - Dec 2025)                                                                                     Page No. 42



ISSN: 2331-5083 

Advances in Zoology and Botany (Volume - 13, Issue - 03, Sep  - Dec 2025)                                                                                     Page No. 43



4. Discussion 

A broad spectrum of seaweed species have been reported for their toxic effects on mosquito larvae 
[6,23], and in the present study the crude solvent extracts of Caulerpa racemosa and Ulva fasciata were 
reported for larvicidal action on Aedes aegypti and Culex quinquefasciatus. Overall results indicate that 
amongst the two green seaweeds tested, Caulerpa racemosa exhibited more activity when compared to 
Ulva fasciata, and with reference to solvent extracts, the chloroform extract exhibited maximum activity 
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 when compared to Ulva fasciata, and with reference to solvent extracts, the chloroform extract 
exhibited maximum activity against the larval instars of the vector mosquito species tested. With regard 
to the vector mosquito species tested, Aedes aegypti was more susceptible than Culex quinquefasciatus, 
and among the instars, second instar larvae were more susceptible than the third instar. 

Earlier studies of Caulerpa racemosa with different solvents tested against mosquito species have been 
reported. Its petroleum ether-acetone extracts exhibited LC50 values <100 mg/L against Aedes aegypti 
and Culex quinquefasciatus larvae [24]; ethanol extract showed toxicity against the fourth instar larvae 
of Aedes aegypti, Culex quinquefasciatus, Anopheles stephensi due to the presence of phytoconstituents 
like terpenoids, fatty acids, saponins, steroids, alkaloids, tannins, glycosides, 
carbohydrates, flavonoids, proteins and a compound caulerpin, and their respective LC50 values were 
0.055, 0.067 and 0.066 μg/mL [25]; methanol extract showed effective activity against Culex 
tritaeniorhynchus as it ruptured the midgut of larvae [26], and reported LC50 values of >1000 μg/mL 
against Aedes aegypti and Aedes albopictus [23]; hexane, chloroform, ethyl acetate, acetone and 
methanol extracts showed LC50 values of 910.2, 728.4, 579.9, 811.8, 886.0 ppm against Aedes aegypti 
and their activity was due to presence of terpenoids, tannins and phenolics [27]. The results of the 
present study provided far better results based on LC50 values when compared with the above 
mentioned previous studies. Besides these, Caulerpa racemosa exhibited profound larvicidal activity 
with better LC50 values than other species of Caulerpa, wherein Caulerpa scalpelliformis acetone 
extract reported LC50 value of 53.70 mg/L against Aedes aegypti [28], which is an exception when 
compared to the present study, and LC50 value of 338.91 ppm against Culex pipiens, larvae and caused 
>70% larval mortality at 24 hours [29]. Its ethanol extract showed LC50 value of 0.07, 0.06 and 0.06 
μg/mL against Aedes aegypti, Culex quinquefasciatus and Anopheles stephensi [25], and ethanol 
extracts of Caulerpa chemnitzia, Caulerpa scalpelliformis and Caulerpa taxifolia against Aedes aegypti 
with LC50 values of 2500, 2000 and 1900 ppm respectively [30].

 In the case of Ulva fasciata too, results of the present study provided pronounced larvicidal effects with 
Lc50 values <200 mg/L, which was better when equated with earlier studies with different solvents 
reported for mosquito larvicidal activity. Its methanol, acetone and benzene extracts reported LC50 
values of 515.88, 504.47 and 478.66 ppm against Culex quinquefasciatus respectively [31]; ethanol 
extract showed activity against Aedes aegypti larvae with LC50 value of 1750 ppm [30], and its hexane 
and ethyl acetate extracts showed activity against the fourth instar of Anopheles stephensi [32]. Further, 
Ulva fasciata extracts showed more larvicidal activity when compared with its closely related species, 
Ulva lactuca, whose acetone extract exhibited LC50 value of 335.30 ppm against Anopheles d’thali 
[33]; ethanol extract showed activity against Aedes aegypti larvae and LC50 value was 1400 ppm [30], 
and 0.08, 0.08 and 0.09 μg/mL against Aedes aegypti, Culex quinquefasciatus and Anopheles stephensi 
[25]; acetone, chloroform, ethanol, methanol and petroleum ether extracts exhibited LC50 values of 
5.46, 67.99, 12.82, 27.35, 27.55 mg/mL against the third instar of Culex pipiens [34]; methanol extract 
reported LC50 values >1000 μg/mL against Aedes aegypti and Aedes albopictus [23]; hexane, 
chloroform, ethyl acetate, acetone and methanol extracts showed LC50 values of 950.3, 761.6, 588.1, 
831.0, 952.0 ppm against Aedes aegypti [27]; acetone, ethanol and petroleum ether extracts exhibited 
LC50 values of 5.00, 11.70 and 31.69 mg/mL against fourth instar of Culex pipiens [35]. 

The toxicity of seaweed depends upon the species of seaweeds, the polarity of solvent, and the mosquito 
species tested. The chemical composition of the seaweed plays an important role in its bioactivity 
against mosquito larvae. Green seaweeds are prolific producers of metabolites, and their larvicidal 
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properties might be due to  the presence of its effective chemical components like alkaloids, flavonoids, 
phenolics, saponins, steroids and terpenoids with mosquito larvicidal properties [6,25,29]. Caulerpa 
species are the most effective green seaweeds due to the presence of terpenoids, and a major secondary 
metabolite compound caulerpenyne involved chemical defense of genus Caulerpa [14]. Further, 
alkaloids like caulerpin and caulerpinic acid from Caulerpa racemosa act as insecticidal compounds 
against the second, third and fourth instar of Culex pipiens and have reported LC50 values of 1.42, 1.81, 
1.99 ppm and 3.04, 3.90, 4.89 ppm respectively after 24 hours [36]. These compounds would have been 
responsible for the larvicidal action in the present study too. On the other hand, genus Ulva contains 
palmitic and octadecanoic acid, and methyl esters [34]. These chemical compounds are known 
insecticidal compounds, as they affect the metabolism and morphology of mosquito larvae midgut, 
especially in Culex quinquefasciatus [37]. Extracts of nonpolar solvents of green seaweeds showed 
higher insecticidal activity than extracts of polar solvents [38]. However, in the present study, 
chloroform, a mid-polar solvent exhibited the maximum activity. Bioactive compounds like alkaloids, 
saponins, and phenolics are extracted by chloroform. Further, chloroform extract of seaweed, Codium 
edule caused the body of the Aedes aegypti larvae to become longer and dark in colour [39]. The same 
was observed in the present study also. The susceptibility of mosquito species is too varied [25]. Manilal 
et al. [40] reported Aedes aegypti larvae were more susceptible when compared to Culex 
quinquefasciatus on the basis of low LC50 values, and the same was observed in the present study. There 
was a higher mortality rate for younger larvae compared to older larvae under the same concentration 
treatment in the present study. Similar observations were reported by Selvin and Lipton [41] wherein the 
fourth instar larvae were resistant at the concentration that produced 100% mortality in the second instar 
exposed to green seaweeds.  

5. Conclusions 

The present study indicated the larvicidal property of the chloroform extract of both the green seaweeds 
against the vector mosquitoes, which encourages further investigation on its bioactive compounds that 
might own virtuous larvicidal properties when isolated in pure form may be effective as toxicants 
against juvenile stages of mosquitoes.
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