Prospects of leaf and root extracts of drumstick tree (Moringa oleifera) as eco-friendly organic piscicide to eradicate the unpleasant fishes from culture ponds



Abstract
The piscicidal properties of Drumstick (Moringa oleifera) plant parts (raw and dry leaf and root) were studied on the experimental singh fish, Heteropneuestes fossilis (Bloch). The experiment was made under normal laboratory conditions. LC50 values were determined. The leaf and root was taken as raw and dry condition. Extracts were produced by using three solvents such as absolute ethyl alcohol, 50% ethyl alcohol and distilled water. The absolute ethyl alcohol extract of dry leaf showed highest toxicity having lowest value of LC50. The order of toxicity (based on LC50 value) of the extracts was: absolute ethyl alcohol>50%ethyl alcohol>distilled water extracts, in case of leaf and absolute ethyl alcohol>distilled water>50% ethyl alcohol extracts, in case of root of the plant. Histopathological studies of the gill, liver and intestine showed that principal changes in the gills occurred by detachment of epithelial layer, damage of gill arches and gill filaments. The changes in the liver included disorientation parenchyma structure, formation of vacuoles, hyperplasia etc. in the intestinal mucosa layer showed ruptures, muscularis layer was highly swollen and small vacuoles were detected in the sub-mucosa layer. In this condition it can be concluded that absolute ethyl alcohol extract of leaf was more toxic than others. The toxicity of gill tissue as well as liver and intestine tissues were damaged due to the toxicity of leaf and root of Moringa oleifera. The nature of toxic compounds and toxic effects of these plant parts was also investigated by phytochemical analysis, histopathological study and the studying of control fish behaviour.
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Background
In stocking fishes in a pond first step is to eliminate unwanted fishes which may cause harm to the stocked fry and fingerlings of other fishes. Smaller varieties of fishes that occur naturally or accidentally are unwanted or weed fishes (Rath, 1993). Several negative impacts of predatory and unwanted fishes had been highlighted because they not only compete for food and dissolved oxygen but also compete for space with the verities of cultured fishes (Chakroff, 1993 and Rath, 1993). There are several chemicals or plant derivatives which are used extensively as piscicides for the eradication of unwanted fishes. These piscicides can be grouped as per their source of origin or of their chemical nature as plant derivatives and chemical or synthetic componds like organophosphate compounds and chlorinated compounds (Rath, 1993 and Mahapatra and Thosar, 1999). Many synthetic pesticides are used to eradicate the predatory fishes continuously which may enter the aquatic food chain and disrupt the environment. So, it is highly appreciable to introduce an organic pesticide which as an alternative to the synthetic one that will ultimately degrade within a short period. Some plant extracts are used as organic pesticides around the world. Among these Moringa oleifera is a common plant which extract is being used to eliminate the predatory fishes in pond without any toxicological impact on environment.  
Currently, there is scanty information in the literature as regards the use of fresh rootbark extracts of Moringa oleifera as an organic piscicide in aquaculture pond management in the developing world. Moringa oleifera is a tree belonging to the family Moringaceae, usually growing outside the forest areas of south-western Nigeria (Adesina et al. 2008). The tree is under-utilized and contains several toxic compounds, such as phenol, tannins, saponins, glucosinolates, oxalic acid, lectins, moringine and moringinine (alkaloids), pterygospermin, spirochin and benzyisothiocyanate (Berger et al. 1984; Grabow et al. 1985; Makkar & Becker 1997; Fuglie 2001; Fahey 2005; Wise 2006). Moringa oleifera is suggested as an alternative to synthetic piscicides because it is commonly available, is less expensive for fish farmers and has a lower toxicity against non-target species. Its piscicidal potential is embedded in the root and bark which contains the alkaloids that act on the nervous system of fish and other terrestrial animals (Fuglie 2001; Adesina 2008).
In the present study the effects of toxicity of indigenous plant parts (Leaf and Root) of Moringa oleifera has been shown on H. fossilis. The use of fresh leaves, barks and roots of Moringa oleifera as an organic piscicide in aquaculture pond management in the developing world was not literally described. Moringa oleifera is a big tree under the family Moringaceae, usually growing in South-Asian countries like Bangladesh, India, Malaysia etc (Adesina et al., 2008). The present study is dealing with the Moringa oleifera plant which has strong piscicidal properties. and is cultivated across the tropics and used for a variety of purposes. In order to study the toxicity of this medicinal plant (Moringa oleifera) we performed Heteropneustes fossilis lethality bioassay which based on the ability to kill the fish. The assay was considered as a useful tool for preliminary assessment of toxicity. The histological changes in gill, liver, and intestine tissues of Heteropneustes fossilis exposed to Moringa oleifera root and leaf extracts at different sub-lethal concentrations under static bioassay procedure was also described. 


Methods
Drying and pulverization of the plant
Collected samples (leaves and root) were sun dried first, for 14 days and then oven dried for 24 hours at 45°C temperature. Then they were pulverized separately to fine powder in a power driven grinders and stocked at room temperature for next uses. 
Collection and Maintenance of Experimental Fishes
Heteropneuste fossilis (Bloch), the experimental fish, was collected for the study. They were healthy & live. After collection, the fishes were immediately brought into aquarium, necessary arrangement were taken for aerating this water regularly so that the fishes might not suffer from oxygen depletion. The fishes were regularly fed with Tubifex warm, rice cake, algae, plankton etc. Before the experiments the fishes were observed for any disease or abnormality. Only disease-free fishes were taken for bio-assays. The fishes were acclimatized for 2-3 days before they were used for the experiment. 
Preparation of Extracts
From the leaf and root of Moringa oleifera the toxicants were extracted for the present experiment. Both the raw and dry root & leaf were used. 
The raw leaf & root were collected in fresh condition. Washing the leaves and roots clearly weighed out in a precision balance. Roots were cut into small pieces and then both of them were separately crushed with the help of mortar-pestle. They were mixed with distilled water for preparing extracts.                                     
The grinded root and leaf were taken in different conical flasks and distilled water was added.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              Thus, freshly prepared liquid solutions were applied for the experiment. 
The dried pulverized root and leaf of M. oleifera were extracted separately with the following solvents-
i) Absolute ethanol 
ii) 50% ethanol and
iii) Distilled water
For each stock solution 10 gm of the powder was weighted and taken into 500ml conical flask. Then the relevant number of solvents were added. The flask was shaken vigorously in magnetic stirrer at room temperature for 3-4 hours to ensure complete extraction of the toxic compounds. After 3-4 hours the extracted solvents were filtered.  Different test doses were calculated from this stock solution by appropriate dilution (APHA 1976). 
Preparatian of the doses 
The desired actual concentrations of different test solutions were obtained by appropriate dilution of the stock solution. The doses were applied from the stock solution. A certain volume of the stock solution extract was added to the required volume of tap water to make the final 5 liters volume of the aquarium. This procedure was applied in each of the replicants. The actual dose concentrations which have been used in the bioassays were calculated in mg /L unit. 
Different extract in different proportion were added to aquarium to determine their LC50 values. Final concentrations were planned on the basis of the results of initial experiments with arbitrary conditions. Five concentrations of each extract were used. 
A set of five fishes were used in each experiment with single concentration of each extract. Each experiment was replicated. All the aquaria were netted on top to prevent escape of fishes. 
The fish behaviour was recorded in terms of their movements and abnormalities during the experiments after application of toxicants. The temperature and pH was recorded before and after application of the extracts.
Statistical Analysis
The experimental data were analyzed statistically. Probit analysis was used to determine the LC50  values. The value of chi-square (x2) was determined.  The regression equation was calculated by using software “EPA” (Environmental Protecting Agency) analysis programme. LC50 values with 95% confidence limits were also calculated through this programme. 
The comparative analysis amongst the different plant extracts were made in terms of LC50 values of each toxicant. It was also made by the probit analysis programme.
Testing quality of water before and during the experimental period
Various water quality parameters such as temperature, pH, dissolved oxygen (DO) of the experimental medium were observed using standard methods (APHA 1998). The water quality parameters of the experimental set up has been presented in the table. 
The values were recorded before and during the application of toxic substances. 
Phytochemical Analysis of Moringa oleifera
[bookmark: _Hlk143090281]The present work including a bioassay directed fractionation and isolation of a number of constituents from these two parts of the plant Moringa oleifera. The dry leaf and root of Moringa oleifera (20gm powder of sample) were extracted with methanol (250 ml in each sample). Soaking each sample in methanol and kept for 72 hours. After that the solvents were filtered at electric filter. 100 ml extract of each sample was obtained. Then, the alcohol was evaporated in Rotary-evaporator. In the remaining solid mass, 100ml water was added. Now the aqueous part was partitioned with n-hexane and dichloromethane (30ml + 30ml + 30 ml) respectively. Now the three parts the hexane, dichloromethane, and the aqueous part were again evaporated with the help of Rotary-evaporator. The solid mass of the respective parts were used with the help of different solvent system to determine the presence of the active components.   
Test ‘TLC’ of The Methyl Alcohol Extract:
Extracts were analyzed by thin layer chromatography (TLC) using silica gel (60 F 254) pre-coated (0.2mm) plastic foil as solid support and different solvent systems as mobile phase. 
Methodology of Histopathology
The study was conducted under standard static bioassay procedure (Reish & Oshida, 1987). Live and apparently healthy H. fossilis (Average length 13 cm and weight 14 gm) were transported into Zoology Section, Biological Research Division, BCSIR, Dhaka. Where they were acclimated for few days. The fishes were fed to apparent satiation daily (0.9h, 1.6h). After toxicity tests through 50% ethyl alcohol extracts of M. oleifera leaf and root, dead fishes were removed for histological examination through micro technique.   
Microphotographs:
The photographs of stained histopathological slides were taken by using Panasonic DMC-FS3 camera. Micrographs of affected areas of the sections were taken at different magnification factors using eyepiece 10 and objective 10.  

Results 
In the present study, Heteropneuestes fossilis was treated with different extracts of M. oleifera plant parts (roots and leaves). After the treatment the behaviour of the fishes was observed. Three solvent extracts such as absolute ethyl alcohol extract, 50% ethyl alcohol extract and distilled water extracts showed the effectiveness for killing H. fosssilis. Effectiveness of the extracts were bio-assayed under normal laboratory conditions. 


Table 1. Water quality parameters of the experimental set-up before and during applying of the toxicants 

	Plant parts
	Solvent used
	Temperature
	pH range
	Dissolved O2

	
	
	Before the expt . (◦c )
	After the expt. (◦c)
	Before the expt.
	After the expt.
	Before the expt. (mg/l)
	After the expt. (mg/l)

	M. oleifera 
(Leaf)
	Distilled 
Water 
	251
	261
	7.20.2
	7.00.1
	5.50.02
	4.40.02

	
	Absolute 
Ethyl alcohol
	252
	241
	7.20.03
	6.80.02
	5.70.04
	3.50.03

	
	50% ethyl alcohol 
	251
	231
	7.10.02
	6.70.03
	5.70.02
	3.40.02

	M. oleifera 
(Root)
	Distilled 
Water 
	241
	261
	6.90.02
	6.80.01
	5.6-0.01
	4.40.02

	
	Absolute 
Ethyl alcohol
	241
	231
	6.80.02
	6.60.02
	5.60.02
	3.40.01

	
	50% ethyl alcohol 
	241
	221
	7.00.04
	6.70.02
	5.50.03
	3.90.02



Observation of fish behaviour
Behaviour of the H. fossilis was observed during the experiment of 24 hrs of exposure. Table-1 shows the quality of water before and after the application of drumstick leaf and root extracts in different solvents. When the fishes were exposed to the M. oleifera root and leaf extracts the treated fishes showed different reactions than the control fish. They showed different movements, physical abnormalities and mortality shown in table-2. The absolute ethyl alcohol extract of leaf had the highest effectiveness. When the fishes were treated with the leaf extract the fishes showed vigorous movement and were excited. Immediately they lost their balance and settled at the bottom. Within 1-2 hrs of application the fishes died. The distilled water extract of raw root showed less effectiveness. They became slowly inactive and settled at the bottom after 8-10 hrs of application. And ultimately died within 16-24 hrs at different intervals. 
The fishes also show different abnormalities after application of absolute ethyl alcohol extract of root, 50% ethyl alcohol extracts of leaf and root, distilled water extract of both raw and dried leaf and root. And finally showed different percentages of mortality.

Effects of Moringa oleifera leaf extracts on H. fossilis

After 24 hours exposure on absolute ethyl alcohol extract of M. oleifera dry leaf it was observed that the highest   mortality (93.33%) was at the dose of 1050mg/l. It’s LC50 value was 157.049mg/l (Table-2).

The 50% ethyl alcohol extract of dry leaf showed highest   mortality (80%) at the dose of 1200mg/l. It’s LC50 value was 501.52mg/l.
Distilled water extract of dry leaf showed highest mortality (80%) at 1500mg/l. It’s LC50 value was 1003.738mg

So, the effectiveness pattern was (based on LC50 value):
Absolute ethyl alcohol extract> 50% ethyl alcohol extract>distilled water extract of dry leaf of M. oleifera.

LC50 value was: 157.049, 501.529 and1003.738mg/l respectively.

Figure (1-8) showed the Cumulative Mortality (%) of H. fossilis at different concentration (mg/l) of absolute ethyl alcohol, 50% ethyl alcohol and distilled water extract of dry leaf, dry root and raw leaf during exposure period of 24 hrs.







Table 2. Data showing the percentage mortality of the Heteropneustes fossilis at different concentration of absolute ethyl alcohol, 50% ethyl alcohol and distilled water extracts of Moringa oleifera dry leaf for 24 hours


	Name of the solvent
	Dose
(mg/L)
	Replicate - 1
	Replicate - 2
	Replicate - 3
	Total of fish filled
	Percentage of mortality

	
	
	No. of fish taken
	No. of fish killed
	No. of fish taken
	No. of fish killed
	No. of fish taken
	No. of fish killed
	
	

	Absolute ethyl alcohol
	50
	5
	1
	5
	2
	5
	2
	5
	33.33%

	
	300
	5
	3
	5
	3
	5
	2
	8
	53.33%

	
	550
	5
	3
	5
	4
	5
	3
	10
	66.66%

	
	800
	5
	4
	5
	4
	5
	4
	12
	80.00%

	
	1050
	5
	5
	5
	5
	5
	4
	14
	93.33%

	50% ethyl alcohol
	200
	5
	1
	5
	2
	5
	2
	5
	33.33%

	
	450
	5
	2
	5
	2
	5
	3
	7
	46.66%

	
	700
	5
	3
	5
	3
	5
	3
	9
	60.00%

	
	950
	5
	3
	5
	2
	5
	2
	7
	46.66%

	
	1200
	5
	4
	5
	4
	5
	4
	12
	80.00%

	Distilled water
	500
	5
	1
	5
	1
	5
	1
	3
	20.00%

	
	750
	5
	2
	5
	2
	5
	2
	6
	40.00%

	
	1000
	5
	2
	5
	1
	5
	2
	5
	33.33%

	
	1250
	5
	3
	5
	3
	5
	3
	9
	60.00%

	
	1500
	5
	4
	5
	4
	5
	4
	12
	80.00%



Table 3. Data showing the percentage mortality of the H. fossilis at different concentration of absolute ethyl alcohol, 50% ethyl alcohol and distilled water extracts of M. oleifera dry root for 24 hours              
	Name of the solvent
	Dose
(mg/L)
	Replicate - 1
	Replicate - 2
	Replicate - 3
	Total of fish filled
	Percentage of mortality

	
	
	No. of fish taken
	No. of fish killed
	No. of fish taken
	No. of fish killed
	No. of fish taken
	No. of fish killed
	
	

	Absolute ethyl alcohol
	100
	5
	1
	5
	2
	5
	1
	4
	26.66%

	
	300
	5
	3
	5
	1
	5
	2
	5
	33.33%

	
	500
	5
	3
	5
	1
	5
	3
	7
	46.66%

	
	700
	5
	4
	5
	3
	5
	4
	11
	93.33%

	
	900
	5
	5
	5
	4
	5
	5
	14
	93.33%

	50% ethyl alcohol
	200
	5
	1
	5
	1
	5
	1
	3
	20.00%

	
	450
	5
	2
	5
	1
	5
	2
	5
	33.33%

	
	700
	5
	3
	5
	3
	5
	2
	7
	46.66%

	
	950
	5
	3
	5
	3
	5
	3
	9
	60.00%

	
	1200
	5
	4
	5
	4
	5
	4
	12
	80.00%

	Distilled water
	500
	5
	1
	5
	1
	5
	1
	3
	33.33%

	
	750
	5
	2
	5
	2
	5
	2
	7
	46.66%

	
	1000
	5
	2
	5
	2
	5
	3
	7
	46.66%

	
	1250
	5
	3
	5
	4
	5
	3
	11
	73.34%

	
	1500
	5
	4
	5
	4
	5
	4
	12
	80.00%







8





Figure 2. Cumulative Mortality of H. fossilis at different concentration (mg/l) of 50% ethyl alcohol extract of dry leaf during exposure period of 24 hrs
[bookmark: _Hlk164592873][bookmark: _Hlk164592872]Figure 1. Cumulative Mortality (%) of H. fossilis at different concentration (mg/l) of absolute ethyl alcohol extract of dry leaf during exposure period of 24 hrs
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Figure 4. Cumulative Mortality (%) of H. fossilis at different concentration (mg/l) of absolute ethyl alcohol extract of dry root during exposure period of 24 hrs
Figure 3. Cumulative Mortality (%) of H. fossilis at different concentration (mg/l) of distilled water extract of leaf during exposure period of 24 hrs
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Figure 6. Cumulative Mortality (%) of H. fossilis at different concentration (mg/l) of distilled water extract of dry root during exposure period of 24 hrs
Figure 5. Cumulative Mortality (%) of H. fossilis at different concentration (mg/l) of 50% ethyl alcohol extract of dry root during exposure period of 24 hrs
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Figure 8. Cumulative Mortality (%) of H. fossilis at different concentration (mg/l) of distilled water extract of raw root during exposure period of 24 hrs
[bookmark: _Hlk149123885]Figure 7. Cumulative Mortality (%) of H. fossilis at different concentration (mg/l) of distilled water extract of raw leaf during exposure period of 24 hrs



Effects of Moringa oleifera root extracts on H. fossilis

After 24 hours exposure on absolute ethyl alcohol extract of M. oleifera dry root it was observed that the highest mortality (83.33%) was at the dose of 900mg/l. LC50 value was 335.680mg/l (Table-3).

In case of 50% ethyl alcohol extract of dry root highest mortality was 80% at the dose of 900mg/l.  It’s LC50 value was 559.315mg/l.

The distilled water extract of dry root showed highest mortality 80% at 1050mg/l and LC50 value was 537.899mg/l.
So, the effectiveness pattern was (based on LC50 value): 
absolute ethyl alcohol extract of dry root >distilled water extract of dry root>50%ethyl alcohol extract of dry root.

LC50 value (mg/l) was: 335.680, 537.899 and 559.315 mg/l respectively.
Effectiveness pattern was:  leaf > root.
These were shown in graphs (Fig. 9-16).

















[bookmark: _Hlk149128276]Figure 11. Toxicity curve of distilled water extract of M. oleifera leaf    for H. fossilis
Figure 10. Toxicity curve of 50% ethyl alcohol extract of M. oleifera leaf    for H. fossilis
Figure 9. Toxicity curve of absolute ethyl alcohol extract of M. oleifera leaf    for H. fossilis
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Figure 14. Toxicity curve of distilled water extract of M. oleifera root    for H. fossilis
Figure 13. Toxicity curve of 50% ethyl alcohol extract of M. oleifera leaf    for H. fossilis
Figure 12. Toxicity curve of absolute ethyl alcohol extract of M. oleifera root for H. fossilis












Figure 15. Toxicity curve of absolute ethyl alcohol extract of M. oleifera raw leaf for H. fossilis
Figure 16. Toxicity curve of absolute ethyl alcohol extract of M. oleifera raw root for H. fossilis



DISCUSSION
The indiscriminate use of chemical pesticides has given rise to many serious problems including genetic resistance of pest, environmental pollution, disturbance in aquatic ecosystem, increased cost of application, toxic residues etc. (Baskaran et. al 1989, Kalavanthy et. al 2001). The effect of chemical pesticides are mostly deleterious, various form of life (flora and fauna) is being affected from contamination of fresh water by pesticides (Santharan et. al, 1975, Pant and Singh 1963, Hadson 1988, Johl and Dua 1995). 

Several species of fish are susceptible to deleterious effect when exposed to heavy metals, pesticides and other environmental stressors (Khangarot et, al 1988), Areechon and Plump 1990). Most of the pesticides are known to reduce survival, growth and reproduction of fish (Johnson 1968, EPA-RM 1971, Mikim et. al, 1973, 1974) 

So the use of biological pesticides is being developed to replace these deleterious chemical pesticides. The plant based pesticides contain active principles with low half-life period and their effect on the environment is not too detrimental. 

The present study showed the pesticidal activity of Moringa oleifera leaf and root extracts. The behaviour, activity and mortality were observed of the experimental fishes the Heteropneustes fossilis. 

The fishes were treated with absolute ethyl extracts, 50% ethyl alcohol extracts, distilled water extracts of dry leaf and root and was also treated with distilled water extracts of raw leaf and root upon exposure to the extracts; the H. fossilis showed various abnormalities. They showed vigorous movement, and were excited. Tried to raised towards and surface probably for gulping air losed balance and settled at the bottom. Their fins and barbells were straight and fully paralyzed. 

Finally the fished were died at different percentage in different doses within different intervals of time. Different workers have reported their observation about the response of the fishes in different toxicants. 

Sharma et. al (1978) observed agitating swimming behaviour in Peudapocrytes dantatus, Gabusia affinis and Aphanius mento. Wed Meyer (1970) also noted the same behaviour in Salmo gairdneri. 

Bell (1964), Sylvester (1975, Latifa et. al (1987, 1988, 1992, 2002) have reported that an increase in the dose level caused a decrease in the induction time of the total loss of equilibrium in the species. Nasiruddin et. al (1997, 1998, 2006, 2009 and Nasiruddin and Sultana 2007) also discussed the physical changes in the test fished due to the toxicants compared to the normal fishes. 

Indigenous plants contain various toxic substance such as rotenone, saponin, triterpene etc. various investigation was made with other piscicidal plants. 

Amongst all the leaf extracts studied from the chart, it is seen that the most toxic was the absolute ethyl alcohol extract of M. ferrea at 125 ppm (Nasiruddin et al. 2009). In the present study, the dose ranges were 50-1150 mg/l for M.oleifera. 

The LC50 values of the extracts varied species to species and also from extract to extract. A comparison of LC50 values of the extracts of different piscicidal plants on H. fossilis with the present observation is shown in the following chart:
[bookmark: _Hlk144207587]In case of root extracts of the present observation, the LC50 value showed the trend of toxicity in the order: Absolute ethyl alcohol > Distilled water > 50% ethyl alcohol. From the above discussions and chart it was clearly observed that the leaf of M. oleifera showed high toxicity and root showed less toxicity. The toxicity followed the pattern: Leaf > root. 

The present study was conducted in the laboratory condition, phytochemical analysis of the plant parts was also conducted and found the presence of alkaloid, flavonoid, tannin, steroid, terpenoid etc. 
Being a tropical country Bangladesh has different types of piscicidal plants. But scientific research is less to properly identify and use them. If we can increase the research works on indigenous plants, it will be able to get environmentally safer, biodegradable, available and cheaper plant pesticides, which will help the poor fisherman in future. 

Histopathological effects of leaf and root extracts of Moringa oleifera on Heteropneustes fossilis

In the present experiment we observed pathologic lesions which included different levels of degeneration of cells. In the gills, lamellar hyperemia and hypertrophy of gill arch occurred, while prelacies, disarrangement of hepatic cell, necrosis and vacillation occurred in the tissues of H. fossilis. These damages became severe with increasing concentration of doses of M. oleifera leaves and roots extracts and time of exposure.
Though Moringa oleifera lam. (Moringaceae) tree is a multipurpose tree but it has toxicity to fishes (Ayotunde et. al 2004-2005). Bernet et.al (1999) noted that as an indicator of exposure the contaminants, histology represents a useful tool to assess the degree of pollution, or disease or toxicants. Histological investigations may therefore be a cost-effective tool to determine the health of fish populations, hence reflecting the health of an entire aquatic ecosystem. 
Microphotographs:
The photographs of stained histopathological slides were taken by using Panasonic DMC-FS3 camera. Micrographs of affected areas of the sections were taken at different magnification factors using eyepiece 10 and objective 10.  
HISTOPATHOLOGICAL OBSERVATION 
Histopathological changes in the gill, liver and intestine tissues of Heteropneustes fossillis exposed to 50% ethyl alcohol extracts of M. oleifera leaf and root were studied. considerable changes in the section of the organs were observed. Which are described below:
Histological Changes of Gill exposed to leaf and root extract of M. oleifera (Plate A-B): Explained in Table-4
Histological Changes of liver exposed to leaf and root extract of M. oleifera (Plate C-D): Explained in Table-5
Histological Changes of Intestine exposed to leaf and root extract of M. oleifera (Plate E-F): Explained in Table-6
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Table 4. Histopathological changes in the gill of H. fossilis exposed to leaf and root extract of M. oleifera. 

	[bookmark: _Hlk158192540]Serial No.
	Changes of Gill exposed to leaf extract
	Changes of Gill exposed to root extract

	1
	The tip of the primary lamellae were shapeless and seemed to be eroded. 
	Degenerated gill filaments. 

	2
	Secondary lamellae were mostly coalesced. 
	Necrosis on the gill arches. 

	3
	Red blood cells were often observed between secondary and primary lamellae. 
	Vacuolation of the gill arches. 

	4
	Showed detachment of epithelial layer. 
	Hypertrophy of gill arches. 

	5
	Reduction of interlamellar space.  
	Gill rays were swollen 

	6
	Gill arches were swollen and damaged. 
	Primary gill lamellae were swollen, shortened and damaged at the base and oedema at tip. 

	7
	Gill rays became wide in the middle. 
	Interbranchial septum were integrated. 

	8
	Gill filaments were highly damaged. 
	



Table 5. Histopathological changes in the liver of H. fossilis exposed to leaf and root extract of M. oleifera

	Serial No.
	Changes of liver exposed to leaf extract
	Changes of liver exposed to root extract

	1
	Disorientation of liver parenchyma structure. 
	Hepatic vein was shrunken 

	2
	Vacuole formation and the cell hypatocyte enlarged.  
	Hepatic cells were loosely arranged and nuclei were swollen. 

	3
	Hyperplasia and disorientation of hepatic cells.
	Vacuole formation 

	4
	Central vein was vacuolated. 
	Thickening of the hepatocyte cells. 

	5
	Hepatic artery was reduced. 
	Slight displacement of the nucleus from its original central position. 

	6
	Congestion and dilatation of sinusoidal space. 
	portal vein was large and highly clotted. 

	7
	Sub-capsular and scattered focal necrosis in the hepatocytes. 
	



Table 6. Histopathological changes in the Intestine of H. fossilis exposed to leaf extract of M. oleifera

	Serial No.
	Changes of Intestine exposed to leaf extract
	Changes of Intestine exposed to root extract

	1
	Degeneration of the lining of the epithelium. 
	Serosa layer was slightly swollen. 

	2
	Mucous layer showed ruptures 
	Mucosa layer was proliferated and vacuolated. 

	3
	Muscularis layer was highly swollen
	Small vacuoles also detected in the lamina propria and sub-mucosa. 

	4
	submucosa layer was shrunken and vacuolated. 
	Villi was fused at the periphery and disintegrated at the centre.  

	5
	Villi were highly shrunken, swollen and fused. 
	



Discussion of the Histopathological Study

Histopathology is the microscopic study of diseased tissue. In anatomical pathology it is an important tool. For accurate diagnosis of disease usually requires histopathological examination of samples (cited from: http//en.wkipedia. org/wiki/ Histology).  In the present study histological changes in the gill, liver and intestine tissues were observed in the treatments with 50% ethyl alcohol extracts of root and leaf of Moringa oleiofera on Heteropneustes fossilis.

GILL 
In the present study it was investigated that when H. fossilis was treated with 50% ethyl alcohol extract of M. oleifera leaf their gill arches were swollen and damaged. The tip of the primary lamellae were shapeless and seemed to be eroded. Secondary lamellae were mostly coalesced. Detachment of epithelial layer was also observed. Gill filaments were highly damaged. In case of 50% ethyl alcohol root extracts histopathological study showed degenerated gill filaments, vacuolation of gill arches, hypertrophy of gill arches, swollen of gill rays, oedema at the tip of primary gill lamellae, integration of interbranchial septum of treated H. fossilis. 
In 2005 Chakraborty studied with T. chebule leaf extract. And found that the gill lamellae were damages and gill filaments were coalesced. Toxic particles were also found in the gill filaments. with T.chebula  bark extract, the gill lamellae had changed shape. Gill filaments coalesced and became cube shaped and gill arches were swollen. 
With the T. chebula fruit extact treatment, it was observed that gill lamellae were partially distorted and de- shaped, gill rays were swollen, and gill arches were fully damaged.

Shahara Akhter (1994), observed that the gill filaments were shranken, hypertrophy of lamellae epithelium, distruction of the gill epithelium, appearance of slime cells were prominent, gill edema, distorted gill cartilage in filament with the treatment of 50% ethyl alcohol extracts of dry root of Barringtonia acutangula.

Cope (1965), reported proliferation of gill epithelium and hemorrhage of lamellae in exposed to dichlobenil  for 4 days.

Nasiriddin et.al (2008) observed the H. fossilis treated with 50% ethyl alcohol extract of dry leaf of A. auriculaeformis  and found that the gill arches were highly distorted and disintegrated, gill lamellae were swollen and damaged in some places, gill filaments were coalesced and swollen and interbranchial septum were reduced.

Treatment with dry bark alcohol extracts the gill arches were distended and separated from the base. Gill filaments were demolished in some places and interbranchial septum were swollen. 
LIVER 
In the present observation it was found that when H. fossilis was treated with 50% ethyl alcohol leaf extracts, vacuole was formed and the cell hypocyte enlarged. Disorientation of liver parenchyma structure occured. Hyperplasia also found. Central vein was vacuolated, hepatic artery was reduced, sinusoidal space was congested, necrosis was also found. Treatment with 50% ethylalcohol extracts of root showed the shrunkened of hepatic vein loose arrangement of hepatic cells and swollen of nuclei. 
Chakraborty (2005) observed that when H. fossilis was treated with 50% ethyl alcohol extraet of T. Chebula leaf, the hepatocytes showed partial vacuolation due to precipitation of cytoplasm and this got condensed in a granular form. with 50% ethyl alcohol extract of T. chebula bank, the hepatic cells were swollen and had lost their compactness. Nuclei were enlarged and cytoplasm became vacuolated.
With 50% ethyl alcohol extract of T. chebula fruit, the hepatic cells were found to be degenerated. In the central regions the hepatic cells swelled and there was some degeneration of the cell membrane and vacuolation of the cytoplasm.  
Shahana Akhter (1994), observed that liver of H. fossilis was partially damaged by the 50% ethyl alcohol extract of dry root bank of  B.acutangula. It was indicated by slightly scattered distribution of parencymatous cells and also by the presence of moderately vacuolated hepatic cells. Mathur(1962), reported that a few hepatic cells in the central area, slightly atrophied changes in parencymatous  cells, consistent margination and hypertrophy was caused by DDT. 

Hepatic lesion have also been reported in F. heteroclites  (De calventic and Niggardly,1961) and flounder pseudopleuronecles americans (Baker 1969) following copper exposures. Vacuolation or hydropic degeneration in hypatocytes in A. restudies was commonly found with furadann and podan treatment observed by kabir and Ahmed (1979).

Nasiruddin et.al (2008), found that when H. fossilis was treated with 50% ethyl alcohol extract of dry leaf of. A. auriculaeformis the hepatic cells were loosely arranged and swollen. sinusoids were degenerated and portal vein was shrunken. 

INTESTINE
In the present observation, it was found that when H. fossilis was treated 50% ethyl alcohol extract of M.oleifera leaf it’s epithelium lining of intestine degenerated. Mucosa layer showed ruptured, muscularis layer was highly swollen, submucosa layer was shrunkened and vacuolated, villi were highly shrunkened, swollen and fused.  

In case of treatment with 50% ethyl alcohol extract of root of M. oliefera  serosa layer of H. fossilis  was slightly swollen. Mucosa layer was proliferated and vacuolated, in lamina porpria and sub- mucosa layer small vacuoles were detected. villi was fused at the periphery. 

chakraborty ( 2005), found that while H. fossilis was treated with 50% ethyl alcohol extract of T. chebula leaf, the serosa was partially destroyed and slightly shrunkened, muscularis mucosa was also shrunken, villi were swollen and fused at the periphery. with 50%  ethyl  alcohol  extract of  
T. chebula bark, the muscularis was swollen, villi were also swollwn and fused but serosa. with 50% ethyl alcohol extract of T. chebula fruit the serosa was fully damaged, muscularis was ruptured, villi were highly swollen and coalesced.

konar(1975) reported degenerative epithelial and sub epithelial connective tissue to phosphamidon. 

kabir and Begum (1978) also noted lesion of villi and necrosis is of the epithelial cells of the intestine of the fish exposed to Diazinon.

kabir and Ahmed (1979) recorded degenerative epithelial mucosal layer in padan and furadan treated A. restudineus.

Shahana Akher (1994), observed the degeneration of the lining of the epithelium, ruptures of mucosa membrane and vacuolation in tunica muscularis layer as a result of treatment with B. acutangula extract.

Nasiruddin et. al (2008) found that when H. fossilis was treated with 50% ethyl alcohol exact of A. auriculaeformis dry leaf, serosa damaged slightly. Muscularis mucosa slightly swollen, proliferation and vacuolation also occurred in submucosa layer. In case of dry bark extract the serosa was distorted at places, muscularis mucosa was ruptured and proliferated, submucosa was reduced, mucosa was extended, proliferated and vacuolated. villi were slightly disorganized and vacuolated.
The present investigation showed that both the leaf and root extracts of Moringa oleifera were highly toxic for H. fossilis. And the leaf extract was more pronounced on the gill, liver and intestine then the root extract.
CONCLUSION
The piscicidal and histopathological effects of Moringa oleifera leaf and root was studied on H. fossilis.  On the experimental fishes, absolute ethyl alcohol extracts, 50% ethyl alcohol extracts and distilled water extracts of dry leaf and root were applied. Distilled water extracts of raw leaf and root were also applied. Stock solution was made by mixed with these solvent. The desired actual concentrations of different test solution was obtained by appropriate dilution of the stock solution.    
The experiment was under laboratory conditions in zoology section, Biological Research Division B.C.S.I.R Dhaka during the period of January 2010 to February 2011.
The fish behaviour and mortality was observed for 24 hours exposure. Their histopathological study was also observed by preparing histopathological slide through microtechnique.
The LC50 values of absolute ethyl alcohol, 50% ethyl alcohol, and distilled water extracts of dry leaf and root were: 157.049; 501.529 and 1003.738,and 335.680, 559.315, 537.899 mg/L respectively. And the LC50 value of distilled water extract of raw leaf and root were 695.313 and 860.392 mg/L.
From the LC50 value it was observed that the absolute ethyl alcohol extract of leaf was the most toxic.

The result of bioassay test clearly showed the leaf of M. oleifera was most toxic then the root. Thus from the LC50 values the order of toxicity pattern was leaf > root. The order of toxicity of the extracts was: 
absolute ethyl alcohol > 50% ethyl alcohol > distilled water for dry leaf and absolute ethyl alcohol > distilled water > 50% ethyl alcohol for dry root of M. oleifera, distilled water extract of raw leaf > distilled water of raw root. So, from the above study it is clear that though M. oleifera is a medicinal plant, and solving the health care problems, and gaining increasing attention, it is toxic for fishes. And the plant parts (root and leaf) are potentially effective as piscicides. Therefore, the use of M. oleifera plant extracts may provide alternative technique to fisherman for eradicating the predatory fish from the aquaculture ponds. 
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Fig-10:

Cumulative Mortality (%) of H.fossilis at different

concentration (mg/l) of 50% ethyl alcohol extract of dry leaf

during exposure period of 24 hours.
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Fig-10: Cumulative Mortality (%) of H.fossilis at different concentration (mg/l) of 50% ethyl alcohol extract of dry leaf during exposure period of 24 hours.
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Fig-10: Cumulative Mortality (%) of H.fossilis at different concentration (mg/l) of 50% ethyl alcohol extract of dry leaf during exposure period of 24 hours.
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Fig-9:

Cumulative Mortality (%) of H.fossilis at different 
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leaf during exposure period of 24 hours.


Microsoft_PowerPoint_Slide2.sldx


Fig-9: Cumulative Mortality (%) of H.fossilis at different concentration (mg/l) of absolute ethyl alcohol extract of dry leaf during exposure period of 24 hours.
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Fig-9: Cumulative Mortality (%) of H.fossilis at different concentration (mg/l) of absolute ethyl alcohol extract of dry leaf during exposure period of 24 hours.
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Fig-12:

Cumulative Mortality (%) of H.fossilis at different 

concentration (mg/l) of absolute ethyl alcohol extract of dry root 

during exposure period of 24 hours.
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Fig-12: Cumulative Mortality (%) of H.fossilis at different concentration (mg/l) of absolute ethyl alcohol extract of dry root during exposure period of 24 hours.
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Fig-12: Cumulative Mortality (%) of H.fossilis at different concentration (mg/l) of absolute ethyl alcohol extract of dry root during exposure period of 24 hours.
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Fig-11:

Cumulative Mortality (%) of 

H.fossilis 

at different 

concentration (mg/l) of distilled  water extract of leaf during 

exposure period of 24 hours.
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Fig-14:

Cumulative Mortality (%) of H.fossilis at different 

concentration (mg/l) of distilled water extract of dry root during 

exposure period of 24 hours.
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Fig-14: Cumulative Mortality (%) of H.fossilis at different concentration (mg/l) of distilled water extract of dry root during exposure period of 24 hours.
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Fig-14: Cumulative Mortality (%) of H.fossilis at different concentration (mg/l) of distilled water extract of dry root during exposure period of 24 hours.
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Fig-13:

Cumulative Mortality (%) of 

H.fossilis 

at different 

concentration (mg/l) of 50% ethyl alcohol extract of dry root during 

exposure period of 24 hours.
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Fig-16:

Cumulative Mortality (%) of H.fossilis at different 

concentration (mg/l) of distilled water extract of raw root during 

exposure period of 24 hours.
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Fig-16: Cumulative Mortality (%) of H.fossilis at different concentration (mg/l) of distilled water extract of raw root during exposure period of 24 hours.
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Fig-16: Cumulative Mortality (%) of H.fossilis at different concentration (mg/l) of distilled water extract of raw root during exposure period of 24 hours.
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Fig-15:

Cumulative Mortality (%) of H.fossilis at different 

concentration (mg/l) of distilled water extract of raw leaf during 

exposure period of 24 hours.
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Fig-18:

Toxicity curve of 50% ethyl alcohol extract of 

M. oleifera leaf for H. fossilis.
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Fig-18: Toxicity curve of 50% ethyl alcohol extract of M. oleifera leaf for H. fossilis. 
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Fig-18: Toxicity curve of 50% ethyl alcohol extract of M. oleifera leaf for H. fossilis. 
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Fig-19:

Toxicity curve of distilled water extract of 

M. oleifera leaf for H. fossilis. 
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Fig-19: Toxicity curve of distilled water extract of 

M. oleifera leaf for H. fossilis. 
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Fig-19: Toxicity curve of distilled water extract of 

M. oleifera leaf for H. fossilis. 
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Fig-17:

Toxicity curve of absolute ethyl alcohol 

extract of M. oleifera leaf for H. fossilis 
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Fig-17: Toxicity curve of absolute ethyl alcohol extract of M. oleifera leaf for H. fossilis 
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Fig-17: Toxicity curve of absolute ethyl alcohol extract of M. oleifera leaf for H. fossilis 
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Fig-22:

Toxicity curve of distilled water extract of 

M. oleifera root for H. fossilis
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Fig-22: Toxicity curve of distilled water extract of 

M. oleifera root for H. fossilis 
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Fig-22: Toxicity curve of distilled water extract of 

M. oleifera root for H. fossilis 
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Fig-21:

Toxicity curve of 50% ethyl alcohol extract of 

M. oleifera root for H. fossilis 
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Fig-21: Toxicity curve of 50% ethyl alcohol extract of 

M. oleifera root for H. fossilis 
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Fig-21: Toxicity curve of 50% ethyl alcohol extract of 

M. oleifera root for H. fossilis 
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Fig-20:

Toxicity curve of absolute ethyl alcohol 

extract of M. oleifera root for H. fossilis.
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Fig-20: Toxicity curve of absolute ethyl alcohol extract of M. oleifera root for H. fossilis. 
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Fig-20: Toxicity curve of absolute ethyl alcohol extract of M. oleifera root for H. fossilis. 





image1.wmf

Concentration (mg/L)


0


200


400


600


800


1000


Time of exposure (h)


0


5


10


15


20


25


30




oleObject1.bin










image15.emf
Concentration (mg/L)

0 200 400 600 800 1000 1200

Time of exposure (h

)

0

5

10

15

20

25

30

Fig-23:

Toxicity curve of distilled water extract of 

M. oleifera raw leaf for H. fossilis 
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Fig-23: Toxicity curve of distilled water extract of 

M. oleifera raw leaf for H. fossilis 
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Fig-23: Toxicity curve of distilled water extract of 

M. oleifera raw leaf for H. fossilis 
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Fig-24:

Toxicity curve of distilled water extract of 

M. oleifera raw root for H. fossilis
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Fig-24: Toxicity curve of distilled water extract of 

M. oleifera raw root for H. fossilis 
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Fig-24: Toxicity curve of distilled water extract of 

M. oleifera raw root for H. fossilis 
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